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Fig. 1. Horizontal section* through the axis of the bore of S. B. bronze gun A. 
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Fig. 2. Transverse section through axis of truuuions. 

Plate IIL 
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testing. 

Figs. 2 and 3. Elevations of finished specimens before and after cutting screw for 
holders. 

Fig. 4. Plan of sinking-head of bronze gun B, showing relative positions of speci- 
mens for testing. 

Fig. 5. Plan of sinking-head of bronze gun C, showing relative positions of speci- 
mens for testing. 

Fig. 6. Sponge and rammer. 

Fii 8 Winw-^ \ ^*^ ^^^ extracting cartridges from bore of gims, &c. 
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Fig. 1. Horizontal section* through the axis of the bore of 2" S. B. bronze gun B. 
Fig. 2. Transverse section through the axis of the trunnions. 
Fig. 3. Transverse section through the vent. 

Plate r. 

Fig. 1. Horizontal section* through the axis of the bore of 2i" S. B. bronze gim C. 
Fig. 2. Front elevation. 

Plate VL 

Fig. 1. Side elevation of experimental i)rojectile No. 1 (3" rifle. ) 

Fig. 2. Rear elevation. 

Fig. 3. Longitudinal section, showing positions of line, cap, washers, &c. 

Fig. 4. Transverse section at rear row of studs, showiug elevations of latter. 

Fig. 5. Plan and elevation of cap. 

Fig. 6. Plan and elevation of brass washer. 

Fig. 7. Plan and elevation of rubber plug. 

Plate riL 

Fig. 1. Sfde elevation of experimental projectile No. 2 (3" rifle). 

Fig. 2. Rear elevation. 

Fig. 3. Longitudinal section, showing line, cap, washer, studs, and retainin<j screw. 

Fig. 4. Transverse section through rear row of studs, with elevations of latter. 

Fig. 5. Plan and elevation of caj). 

Fig. 6. Plan and elevation of brass washer. 

^ In these sections the axes of the gun are assumed to be horizontal. 

11 
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Plate VIIL 

Fig. 1. Side elevation of experimental projectile No. 3 (3' S. B.). 

Fig. 2. Rear elevation. 

Fig. 3. Longitudinal section. 

Fig. 4. Transverse section. 

Fig. 5. Transverse section through eye-hole. 

Fig. 6. Transverse section of shank. 

Plate IX. 

Fig. 1. Side elevation of experimental projectile No. 4 (3" S. B . 

Fig. 2. Rear elevation. 

l^g. 3. Longitudinal section. 

Fig. 4. Transverse section. 

Fig. 5. Transverse section through eye-hole. 

Fig. 6. Transverse section of shank. 

Plate X 

Fig. 1. Side elevation of experimental projectile No. 5 (3" S. B.). 

Fig. 2. Rear elevation. 

Fig. 3. Longitudinal section. 

Fig. 4. Transverse section. 

Fig. 5. Transverse section through eye-hole. 

Fig. 6. Transverse section of shank. " 
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Fig. 1. Side elevation of experimental projectile No. 17 (3" S. B.). 
Fig. 2. Rear elevation. 
Fig. 3. Longitudinal section. 
Fig. 4. Transverse section. 
Fig. 5. Transverse section through eye-hole. 

[This fonn is recommended for 3^ gnus when the bore does not exceed 20 inchoa lo 
length. Shank would have to increase in length with the bore beyond 20 inched 

Plate XIL 

Fig. 1. Side elevation of experimental projectile No. 6 (2" S. B.). 

Fig. 2. Rear elevation. 

Fig. 3. Longitudinal section. 

Fig. 4. Transverse section. 

Fig. 5. Transverse section through eye-hole. 

Fig. 6. Transverse section of shank. 

Plate XIII. 

Fig. 1. Side elevation of experimental projectile No. 7 (2'' S. B.). 

Fig. 2. Rear elevation. 

Fig. 3. Longitudinal section. 

Fig. 4. Transverse section. 

Fig. 5. Transverse section through eye-hole. 

Fig. 6. Transverse section of shank. 

Plate XIV. 

Fig. 1. Side elevation of experimental projectile No. 8 (2'' S. B.). 

Fig. 2. Rear elevation. 

Fig. 3. Longitudinal section. 

Fig. 4. Transverse section in rear of axial cavity. 

Fig. B. Transverse section through eye-hole. 

Fig. 6. Transverse section of shank. 

Fig. 7. Plan and elevation of lead core in axial cavity. 

Fig. 8. Plan and elevation of point of projectile. 
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Plate XV. 

Fig. 1. Side elevation of experimental prqjeotile No. 9 (2" S. B. — Cordes), showing 
manner of protecting the line from abrasion in passing from the piece. 
Fig. 2. Rear elevation. 
Fig. 3. Longitudinal section, Slq, 
Fig. 4. Transverse section. 
Fig. 5. Plan and elevation of cap. 
Fig. 6. Plan and elevation of brass washer. 

Plate XVL 

Fig. 1. Side elevation of experimental projectile No. 13 (2" S. B.). 

Fig. 2. Rear elevation. 

Fig. 3. Longitudinal section; elevation of shank and point. 

Fig. 3. Transverse section. 

Pig. 5. Transverse section through eye-hole. 

PlvLte XVII, 

Fig. 1. Side elevation of experimental projectile No. 14 (2" S. B.). 

Fig. 2. Rear elevation. 

Fig. 3. Longitudinal section. 

Fig. 4. Transverse section. 

Fig. 5. Transverse section through eye-hole. 

Fig. 6. Transverse section of shank, &c. 

Plate XVIIL 

Fig. 1. Side elevation of experimental projectile No. 15 (2" S. B.). 
Fig. 2. Rear elevation. 
Fig. 3. Longitudinal section. 
Fig. 4. Transverse section. 
Fig. 5. Transverse section through eye-hole. 
Fig. 6. Transverse section of shank. 

[This form is recommended for 2" guns when the length of bore does not exceed 20 
or 22 inches. ] 

Plate XIX, 

Fig. 1. Side elevation of experimental projectile No. 10 (2". 5 S. B.). 

Fig. 2. Rear elevation. 

Fig. 3. Longitudinal section. 

Fig. 4. Transverse section. 

Fig. 5. Transverse section through eye-hole. 

Fig. 6. Transverse section of shank. 

Plate XX. 

Fig. 1. Side elevation of experimental projectile No. 11 (2".5 S. B.). 

Fig. 2. Rear elevation. 

Fig. 3. Longitudinal section. 

Fig. 4. Transverse section. 

Fig. 5. Transverse section through eye-hole. 

Fig. 6. Transverse section of shank. 

Plate XXI. 

Fig. 1. Side elevation of experimental projectile No. 12 (2''.5 S. B.). 

Fig. 2. Rear elevation. 

Fig. 3. Longitudinal section. 

Fig. 4. Transverse section. 

Fig. 5. Transverse section through eye-hole. 

Fig. 6. Transverse section of shank. 
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Plate XXIL 

Fig. 1. Side elevation of experimental projectile No. 16. (2".5 8. B.). 
Fig. 2. Rear elevation. 
Fig. 3. Longitudinal section. 
Fig. 4. Transverse section. 
Fig. 5. Transverse section throngh eye-hole. 
Fig. 6. Transverse section of shank. 

[This form is recommended for use with 2''.5 guns when the length of bore does not 
exceed 20 to 21 inches. ] 

PUte XXIIL 

Carriage No. 1 for 3" M. L. R. mortar 

Fig. 1. Side elevation. 

Fig. 2. Plan. 

Fig. 3. Rear elevation. 

Fig. 4. Side and rear elevations of qnoin. 

Plate XXIV. 

Carriage No. 2 for 3" M. L. R. mortar 

Fig. 1. Side elevation. 

Fig. 2. Plan. 

Fig. 3. Rear elevation. 

Fig. 4. Side and rear elevations of qnoin. 

Plate XXr, 
Carriage for S. B. bronze gun A. 

Fig. 1. Side elevation. 

Fig. 2. Plan. 

Fig. 3. Front elevation. 

Fig. 4. Rear and side elevations of quoin. 

Plate XXFL 

Carriage for S. B. bronze gun B. 
Fig. 1. Side elevation. 
Fig. 2. Plan. 
Fig. 3. Front elevation. 
Fig. 4. Rear and side elevations of quoin. 
' t^ B.— This carriage is recommended for 2" S. B. bronze gmrn.] 

Plate XXriI. 
Carriage for S. B. bronze gun C. 

Fig. 1. Side elevation. 

Fig. 2. Plan. 

Fig. 3. Front elevation. 

Fig. 4. Rear and side elevations of quoin. 

[N. B.^Thi8 carriage is recommended for 2f\5 and 3^' S. B. bronze life-saving guns. ) 

Plate XXVIIL 

Fig. 1. One-half cartridge-bag for 3" gun. 

Fig. 2. One-half cartridge-bag for 2" and 2".5 guns. 

Fig. 3. Priming wire ; one shorter by 2" recommended. 

Fig. 4. ** Combination level," showing manner of using, &c. 
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Plate XXIX, 

Fig. 1. Plan of 3" wooden sabot, f " thick. 
Fig. 2. Elevation. 

Fig. 3. Plan of 3'' wooden sabot, \" thick. 
Fig. 4. Elevation. 
Fig. 5. Plan of a Cordee' 3'' sabot. 
Fig. 6. Elevation. 
Fig. 7. Plan of ^" wooden sabot. 
Fig. 8. Elevation. 
Fig. 9. Plan of a Cordes' 2" sabot. 
Fig. 10. Elevation. 

Figs. 11, 12. Plan and elevation of 3" wooden sabot after firing, showing effect of 
charge, &c. 

Fig. 13. Section showing effect of gas entering axial cavity and blowing off cap, &c. 
Fig. 14. Fragment of 2" shot recovere<l, showing effect of gas penetrating axial cavity. 

Plate XXX, 

Gunners haversack. 

This will be modi fte*l hereafter, except in its general dimensions. (See description. ) 

Plate XXXL 

Large faking-box, A. (Regulation size.) 

Fig. 1. Plan 

Fig. 2. Side, partial section and elevation. 

Fig. 3. End, partial section and elevation. 

Fig. 4. Side elevation of frame. 

Fig. 5. Plan of frame. 

Fig. 6. Plan, and partial section and end elevation of ^' false" bottom. 

Fig. 7. Faking-pin. 

Plate XXXIL 
Small faking-box, B. (Regulation size.) 

Fig. 1. Plan. 

Fig. 2. Side, partial section and elevation. 

Fig. 3. End elevation. 

Fig. 4. End elevation of frame and pins. 

Fig. 5. Side elevation of frame and pins. 

Fig. 6. Plan of frame. 

Fig. 7. "False" bottom. 

Fig. 8. Faking-pin. 

Plate XXXJIL , 

Experimental faking-box, C. (Large, square.) 

Fig. 1. Plan. 

Fig. 2. Side, partial section and elevation. 

Fig. 3. End, partial section and elevation. 

Fig. 4. Elevation of frame and pins. 

Fig. 5. Plan of frame. 

Fig. 6. "False" bottom. 

Fig. 7. Faking-pin. 

Plate XXXIV, 

Experimental faking-box, D. (Small, square.) 

Fig. 1. Plan. 

Fig. 2. Side, partial section and elevation. 

Fig. 3. End elevation. 

Fig. 4. End elevation of frame and pins. 

Fig. 5. Side elevation of frame and pins. 

Fig. 6. Plan of frame. 

Fig. 7. "False" bottom. 

Fig. 8. Faking-pin. 
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Plate XXXV. 

Reel and frame. 

Fig. 1. Side elevation. 
Fig. 2. Plan of frame. 
Fig. 3. End elevation, showing crank, d:.c. 

Plate XXXVL 

Carrying braces. 

Fig. 1. Waist-belt. 

FigB. 2, 3. Braces. 

Figs. 4, 5. Billets, with snap-hooks for frame. 

Fig. 6. Perspective view of braces. 

Plate XXXV I L 

Fig. 1. Firing-ground at Springfield, Mass. 
A. Firing-point. 
A. B. Ranges. 

C. Flag at 300-yard stake from which "drift" of line measured. 

D. Anemometer for obtaining surface velocities. 
Fig. 2. Gun-platform, dec. 

A. Plan. 

B. Section. 

C. Positions of faking-boxes. 

D. Shelter. 

Plate XXXVHL 

Manby's shot. 

Fig. 1. Elevation showing plaited hide thong. 
Fig. 2. Section showing fuses for illuminating. 

Plate XXXIX, 

Manby's apparatus. 

The figures explain themselves. 

Plate XL, 

Boxer's apparatus. 

Fig. 1. Method of stowing line in faking-box, first tier. 

Fig. 2. Method of stowing line in faking-box, second tier. 

Fig. 3. Side elevation of rocket-frame. 

Fig. 4. Front elevation of rocket-frame. 

Fig. 5. Plan of box and partial section. 

Fig. 6. Side of box, partial section and elevation. 

Fig. 7. End elevation. 

Plate XLL 

Boxer's rocket, &c. 
Figures explained in plate. 

Plate XLIL 



Colt's armory testing-machine. 



Fig. 1. Rear elevation. 
Fig. 2. End elevation. 
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Plate XLIIL 

Colt's armory testing-nu^cliiiie. 

Fig. 2. Front elevation of weight-beam apparatus. 

Fig. 4. Elevation, partly in section, of certain parts of the strain-indicating appa- 
ratna. 

Plate XLIV, 

Fixtures for testing-machine. 

Fig. 5. Plan of one clasp for holding specimen, open. 

Fig. 6. Elevation of same, open. 

Fig. 7. Plan of clasp, closed. 

Fig. 8. Elevation of clasp, closed. 

Fig. 9. Scale for measuring elongations after elastic limit is passed. 

Fig. 10. Holder. 

Figs. 11, 12. Scale used to measure extensions within elastic limit. 

Fig. 13. Specimen of bronze. 

Plate XLF, 

Cun'es showing extensions of bronze specimens. 

Fig. 14. Curve for gun A. 
Fig. 15. Curve for gun B. 
Fig. 16. Curve for gun C. 

Plate XLVL 

Fig. 17. Illustration of original form of specimen, and showing appearance afte 
testing. 

Plate XLVIL 

Fig. 1. Section of chill, and plan. 

Fig. 2. Section of furnace, and plan. 

Fig. 3. Crucible. 

Fig. 4. Ponrin^-ladle. 

Fig. 5. Shot with loop and raw-hide strap 

Fig. 6. Barbed shot. 

Fig. 7. Mortar. 

Piute XLVIIL 

Fig. 1. Method of laying the rope (French faking). 

Fig. 2. Whale lair. 

Fig. 3. Chain-faking. 

Fig. 4. Rope ready in basket. 

Fig. 5. Paper tube for priming. 

Fig. 6. Ball with lid for fuse. 

Fig. 7. Stand. 

Fig. 8. Cast-iron anchor. 

Fig. 9. Rope with stiflTloops. 

Plate XLIX, 

Fig. 1. Modeof faking the rope. 
Fig. 2. Whale-faking. 
Fig. 3. Chain-faking. 

Plate L 

Parrott's projectile. 

Plate LI. 

Hunt's line-throwing apparatus. 
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Plate LIL 

Chandler anchor-shot. 

1. Before firing. 

2. After firing. 

Plate LIII. 

Boxer rocket. 

Light for illuminating wrecks. 

Plate Lir. 

Method of using the life-saving apparatus. 

Note. — ^The greater part of these drawings were made by Mr. Emery, National 
Armory. 
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INTRODUCTION. 

In the early paii; of the year 1875 the honorable Secretary of the 
Treasury applied to the Secretary of War for assistance in the prosecu- 
tion of experiments for the purpose of improving the life-saving appara- 
tus used by the Treasury Department, which at that time were under 
the special charge of Capt. J. H. Merryman, United States Eevenue 
Marine, and requested that an officer or officers of the Ordnance Depart- 
ment be designated to assist Captain Merryman "in these important 
matters." 

On the recommendation of the Chief of Ordnance, the Secretary of 
War directed that the "Board on Experimental Guns," convened by 
Special Order ^o. 221, Adjutant-GeneraPs Office, October 10, 1874, of 
which Major Crispin, Ordnance Department, was president, be charged 
with the prosecution of these experiments, in connection with Capt. J. 
H. Merryman, United States Eevenue Marine. This action was taken 
April 12-16, 1875, and Sandy Hook, K J., was selected as the most 
favorable locality for these experiments. 

The important and multifarious duties with which the Ordnance 
Board — ^formerly " Board of Experimental Guns" — was specially charged 
were so great as not to admit of any one of its members devoting 
the time necessary for a thomugh investigation and discussion of 
the subject. In view of this fa^t Captain Merryman recommended, on 
May 21, 1877, " that an application be made to the Chief of Ordnance 
for the detail of an officer for this special servdce." Colonel Crispin, 
president of the "Ordnance Board," concurred in this recommendation 
in his indorsement of June 1, 1877, upon Captain Merryman's letter, and 
further recommended that said officer shoidd place himself in commu- 
nication with Captain Merryman and the Ordnance Board, '^ for such 
suggestions and instructions as may be deemed projjer to give him." 
These recommendations were approved by the Chief of Ordnance June 
6, 1877, and Lieut. D. A. Lyle, Ordnance Department, was " specially 
assigned to this duty in addition to his regular duties" at the National 
Armory, Springfield, Mass. This officer entered upon the duty at once, 
and the results of his labors are embodied in this report. 

iNo claims of great originality are made, as this apparatus, like the 
Parrott patent, is a direct evolution from the system of Captain Manby, 
which dates back to the beginning of the present century. The advances 
which have been made during the past year are the result of .cd-reful 
study and conscientious experiment. The data recorded are of value 
for fotiu'e reference. The writer appreciates the fact that many improve- 
ments are yet to be made in life-saving apparatus, and ent-ertains the 
hope that his humble efforts may serve as a basis upon which to found 
^ture exx>eriments. 
20 
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PART I 

EEPORT. 

CHAPTER I. 

I. RIFLE PROJECTILES. 

The first experiments were made with rifle projectiles fired from a 3-inch 
muzzle-loading rifled mortar. This method did not prove satisfactory 
for the following reasons : 

I. On account of the lack of simplicity in loading. The detailed oper- 
ations of loading are given below. 

1. Inserting cartridge and ramming home. 

2. Insertingjunk-wad or sabot. • 

3. Unscrewing cap on front end of projectile. 

4. Removing cap. 

5. Inserting line in axial cavity and drawing it through shot. 

6. Putting on rubber washer or washers. 

7. Putting on metal washer. 

8. Tying knot in end of line. 

9. Inserting washers and knot in the cavity in the front end of shot 
and drawing the line taut. 

10. Returning the cap to its position. 

11. Putting in the retaining screw to hold the cap. 

12. Adjusting line in radial slot in base and in longitudinal gi'oove. 

13. Twisting the fine wire which passes around the heatl of the cap 
about the line to hold it in the prolongation of the axis of the bore and 
prevent its being cut off by abrasion in passing out of the piece. 

14. Inserting projectile in the bore and ramming it home. 

II. The liabSity of the heated gas from the charge to enter the axial 
cavity and either bum off the line or blow off the cap. The loss of the 
cap permits the knot and washers to escape, and when the strain comes 
upon the line it is very likely to be cut by the edges of the axial cavity 
in front, as is exemplified in Fig. 13, Plate XXIX. 

in. The failure of wire ropes (either copper or iron) to sustain the 
shock of discharge. These ropes or cords are interi)Osed between the 
shot and line for the purpose of avoiding the action of the flame upon 
the line. These rigid materials generally broke before the line. 

IV.' The necessity for the employment of wads and sabots. 

V. The diminution of range due to resistance of the air to the passage 
of the line. This increased resistance of the air was developed by the 
spiro-conical form assumed by the line in the trajectory, due to the 
rotation of the rifle projectile. 

VI. The twisting of the line due to the rotation of the projectile. 

It was judged, from the indications left upon the wooden sabots which 
were recovered (see Figs. 11, 12, Plate XXIX) after firing, that if a soft- 
metal sabot had been used the fore>e of discharge would have wedged it 
in the radial slot of the base and have caused it to cut the line as it 
was suddenly swung to the rear by the strain, unless a very thick sabot 
were used. Paper wads were found to be better than wooden sabots. 

21 
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YII. The greater expense and difficulty attending the manufacture of 
both guns and projectiles. 

After losing the caps belonging to the rifled projectiles, they were 
fired a few times by inserting them point first into the rifled mortar. The 
shot reversed after leaving the gun, and retained theii* axial rotation, 
though their flight was unsteady. 

Solid, smooth-bore projectiles were next tried in the rifled mortar and 
gave better results. Tlie escape of gas thi-ough the grooves was very 
great, in some instances burning off the line. One shank was broken off 
in firing, which was due, not to the form of the shank, but to the mate- 
rial, it ha\ing been made of high steel instead of wrought iron. No 
I)articular difficulty seemed to be experienced in firing smooth-boi-e pro- 
jectiles from rifled guns, provided the shanks were long enoiigh to protect 
the line from the gases which escape through the grooves. 

Enough was learned from these experiments to warrant the conclu- 
sion that smooth-bore guns and projectiles were better adapted for this 
purpose than the rifled ones as here applied; and that spiral springs, 
wire cords, and rubber washers wi^re either useless or annoying, and 
always more or less imi)racticable. 

II, SMOOTH BORE GUNS AND PROJECTILES. 

After the difficulties first experienced it was determined to cut loose 
from rifled mortars, rifle projectiles, wire ropes, spiral springs, rubber 
straps, nibber washers and plugs, brass washers, caps and retaiiiing 
screws, and seek for a solution of the problem in some system which 
would combine great simplicity with efficiency, and which would lessen 
the cost of manufacture and funiish a method whose details would not 
be so complicated as to be beyond the comprehension of those required 
to put it in practice. 

1. SMOOTH-BORE GUNS. 

The second attempt was made with smooth-bore guns. Bronze was se- 
lected as the material from which to make the experimental guns, for the 
following reasons: On account of its great ultimate tenacitj^its ductility, 
its combination of great strength with light weight, its freedom from 
destructive corrosion when exposed to the moisture of sea-coast stations, 
its non-liability to sudden rupture, its availability for recasting, and its 
value as old bronze after condemnation. Guns made from this material 
are easily kept in order, as the bores do not rust, a fact of considerable 
importance with small calibers, on aceount of the difficulty of cleaning 
the bore. They are not liable to burst explosively, by reason of their 
ductility, and when worn out they may Im? sold for a fair price as oM 
bronze. The only external injury to wliich they are liable is the bend- 
ing of the trunnions. 

The internal injuries resulting from the powder, such as enlargement 
at the seat of tlie charge, and cavities produced by the melting away 
of the metal by the heat develope<l by the explosion of tlie charge, aix> 
not serious. The erosive action of the gases is not great, because of the 
almost entire absence of windage. The wear of the vent is obviated by 
the use of copper vent pieces. Lodgments and enlargements are not 
produced hi these guns, since projectiles nearly the length of the bore 
are used and therefore there is no balloting. The bore may be scratched 
by projectiles and sand, but that is not a serious injury. The softness 
of the metal, and its proueiiess to deterioration under rapid firing which 
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causes heating, thoiigli grave objections to the use of bronze for fiekl- 
pieces, do not affect its use for this service, where rapid firing is never 
resorted to, consequently there is little danger of heating or of melting 
the metal of the bore. Small charges of i)owder are generally used, 
therefore little is to be apprehended from excessive erosion. 

2. PROJECTILES. 

Full descriptions of these are given in a subsequent part of this re- 
port. These projectiles are modifications of Captain Manby's shot. 
The caliber and weight have been reduced. The lengthening of the 
bore, the suppressioTi of a greater part of the windage, and the employ- 
ment of improved lines, have increased the effective force of the powder, 
diminished the resistance which the projectile and line experience 
from the air, and have extended the range. It will be seen that the 
weights were increased as the experiments proceeded ; this resulted in 
decreasing the initial velocity and the consequent violence of the vibra- 
tions of the line when the charge of powder remained constant. These 
projectiles are carefully turned and finished to fit the bore of the gun 
accurately. The careftil method of finishing renders them more expen- 
sive, but even then they are cheap. Few of them are required, and the 
resulting efficiency counterbalances the extra cost. As in the Parrott 
gun, the bore of the gun must be kept clean and the projectiles free 
from rust. 

The gun being of bronze, no difficulty is encountered in keeping the 
bore clean. The few projectiles at each station are easily kept free from 
rust by the men. Experimental projectiles Nos. 15, 16, and 17 are the 
ones recommended for use with 2", 2".5, and 3" guns respectively. The 
2'' projectile will be the most expensive, as it has to be bored out and 
filled with lead to increase its weight. But even its cost is trifling as 
compared with rockets and some patented projectiles. Lead projectiles 
similar to experimental projectile !No. 13 are found to upset more or 
less, to lead the bore, and to strain the gun greatly. Wrought-iron pro- 
jectiles scratch the surface of the bore badly. 

3. SHANKS. 

These were found to be of gi*eat im^wrtance. By prolonging them 
near to or beyond the muzzle of the gim when it is loaded, they keep 
the line from being cut off by the passage of the projectile, and do away 
w^ith the necessity for a line-supporter. Several kinds or shanks were 
used. It was found that with very short shanks, the line would be 
burned off where tied in the eye. It was suspected that this arose 
partly fit)m the shortness of the shank and partly from the shape of the 
base. The gases which pass over and around the shot at the first in- 
stant of expansion would follow the incline of the frustum and converge 
at and near the apex of the cone produced. The apex was near the eye- 
hole of the short shanks. Then a longer shank was tried, and that ])or- 
tion of its length between the base of the shot and eye-hole i)oli8hed 
brightly, in ortler to ascertain, if possible, whetlier the gas converged at 
any point upon the shank ; and, if so, where. The result confirmed the 
hypothesis, and a very dark stain showed the maximum convergence of 
the gas to be about the apex of the cone, whose frustum formed the base, 
or, perhaps, a little in trout of it. Long shanks were afterwards used, 
and with great success. The earlier slianks were made of whatever 
scrap could be obtained for the sake of economy. At first the thread ex- 
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tended an inch and a half into the shot, but the junction of the thread 
and body was found to be a point of weakness, which should have been 
anticipated, especially as it came directly at the base of the shot, where 
the greatest strain was thrown on the shank when the projectile reversed. 
They were found to bend and crack at this point. The next step was to 
shorten the length of the screw-thread and let the body of the shank 
extend a short distance into the shot. This was an improvement, but 
continued practice upon hard earth showed that the shank could be 
bent and was still weak. A shank forged from wrought iron, with the 
dimensions increased, was then made and adopted. It may be seen in 
experimental projectiles Nos. 15, 16, and 17. A few very long rfianks 
were tried and behaved very well. The shanks should always be of the 
best wrought iron, and should be carefully forged and finished. A steel 
shankj that was made by mistake, broke off in firing, showing that 
material to be too brittle for this puri>ose. 

III. GUN-CAREIAGES. 

The gun-carriages are made with wooden cheeks, bound with iron. 
They combine elasticity with strength, and act well upon sandy beaches. 
The wrought-iron handles increase the e^ise with which they may be 
carried. If necessary the gun may be. dismounted, and carried by one 
man upon his shoulder, while another takes the carriage. Two projec- 
tiles may be placed upon the rear transom and the whole carried easily 
by foxu* men. The small gun and carriage are intended to be carried by 
two men ; here, as before, the projectiles may be placed upon the rear 
transom. The load may be balanced by sliding tlie hands along the 
handles. The addition of iron cheek-straps increases greatly the dura- 
bility of the carriages. The carriages for guns C and B are the ones rec- 
ommended for adoption. The vent pieces of the guns project high 
enough to avoid diflficulty in the use of friction primers at ordinary 
angles of elevation. Gun B and carriage are too light to be used with 
ordinary friction primers without some danger of disturbing the point- 
ing of the piece, as the primers pull off too hard. 

IV. SPONGE AND RAIVOIER. 

A single staff, with a rammer head on one end and a sponge on the 
other, constitutes this implement. 

V. WIPING-RODS. 

These were made from old condemned musket ramrods of obsolete 
pattern. One end is curved to form an eye, and a cork-screw wiper is 
screwed on the other end. This is useful for withdrawing cartridges 
when necessary, and, with flannel or cotton waste wrapped around the 
wiper, is valuable for cleaning the bore of the gun. It also may be used 
as a rammer for pressing home the cartridge, by reversing it and insert- 
ing the eye -end in the bore. 

VI. PREVIING-WIRES. 

Two of these are issued with each gun, as one may be lost. They are 
made of steel or brass wire, preferably of the former. 
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YII. GimXER'S HAVERSACK. 

Que of these should be issued with each piece, to be carried by the 
keei)er of the station. The cartridges, friction primers, priming-wires, 
lanyard, combination-level, andapiec;e of flannel for use with the wipers 
are carried in this pouch. 

YIII. POWDER. 

Xo particular kind of powder has ever been a<lopted for use at the 
life-saving stations. "Pebble'' powder was deiemed too large grained, 
and "rifle" powder too fine grained for this service. Foiu' different 
specimens of powder were procured from the Hazard Powder Company. 

The tests for initial velocity, which will be given upon subsequent 
pages, show that ^sxj cannon powder gives a good initial velocity for 
a not excessive strain or pressure. That test, however, was not a fair 
one for this powder, which, on account of its large grain, was more or 
less broken and compressed in loading the metallic shells. It is i)robable 
that both the A^elocity and pressure are too great as given. The uniform 
action of this powder diu'ing the experiments was such as to commend 
it to very favorable notice. Musket, rifle, and duck-shooting i)owders 
are all more or less quick and violent in their action. The musket 
(Hazard) is very uniform, but quite too rapid in its inflammation. A 
direct comparison of these powders was made, witli the results given 
below. 

Comparisons of different kinds of powder, 

I Maker: Hazard Powder Company. Gun: 2".5 bronze gun C. Charge of powder : 3 oiiiioes in every 
ra«e; carefuUy weighed. Projectile: Experimental No. 16, marked " L. 12." Weight of projectile: 
li^.75 pounds. Shot-line : Linen No. 7 (Silver Lake); aame line as used in first series of experiments. 
Faking-box: Box A. Place: Sandy Hook, N.J. m,te: May 6, 7, and 8, 1878. The same projectile,, 
line, and faking-box were used throughout the comparison.] 
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Prom the above table it will be seen that the Navy cannon powder 
acted very uniformly, four of the five shots being almost identical. The 
*' sea-shooting duck " is represented as giving the best mean range ; this 
is explained by the difference in the velocities of the wind. The wind 
was light when the "duck" powder was used. 

The l^^Yj cannon is much coarser grained than the musket or rifle 
powder, but is not so coarse but that most, if not all, of it is consumed 
before the projectile leaves the piece. Army cannon is too coarse 
3ap 
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$;i^ued ; a portion of the charge is lost by being blown from the gun 
before completely consumed. Selecting from the samples te>sted, the 
preference should be given to the Hazard l^avy cannon. The eflfect of 
a powder depends more upon the manner of loading than has been 
supposed by those who are not a<?customed to dealing with it. A 
charge of Navy cannon can, by two or three forcible jams of the pro- 
jectile when inserted in the bore, be so compressed and the grains so 
broken, as to exhibit all the violence of a fine-grained i)Owder. Powder 
-stored along the coast is exposed more or less to the moisture of the 
sea-air and deteriorates very rapidly. Since only small quantities an* 
kept at the life-saving stations, the powder should be renewed an- 
nually and the stock on hand used for drilling and exercising witli the 
apparatus. 

IX. SHOT-LINES. 

On a comi)arison of the tables of the breaking weights of the ditt'eront 
shot-lines, it will be seen that in every instance except two, the linen 
lines are stronger than the hemp. It will also be noted that tin* lin<*n 
lines have more stretch per linear foot than the hemp lines. The tables, 
&c., may be found upon subsequent pages. The braided linen lines 
have proved superior in usefulness to the hemp. The preference should 
be given to unbleached linen thread for the manufacture of shot-lines, 
ixreat care should be taken that none but the best thread be put in 
«uch lines, and that in braiding a continuous line, when the vsp(X)ls are 
•changed, they should not all be changed at the same momcmt, else a 
weak spot is the result. Bleaching of any kind is harmful. Hemp is too 
"brittle and becomes very harsh after a few shots. The w^ater-proof 
lines pa^s through the air with less friction than those having the or- 
dinary finish and generally attain a better range. The vibrations of 
the line due to faking is the greatest danger to which it is subjected. 
These vibrations reach their maximum amplitude in the first part of the 
-trajectory, when the velocity of the .shot is greatest. A place varying 
from 20 to 40 yards from the shot seems to be the critical point. In 
that vicinity the line generally breaks. It is a case quite similar to 
that of snapping a whip and breaking off the farther portion of the 
lash. There is httle doubt but that long storage of lines will destroy 
their good qualities. Lines after being stored for a year or two should 
be used for pratice drills. New lines when fli'st received are stiff and 
refractory ; this makes them difficult to fake. They should be wound 
from the original coil upon a reel, to avoid twisting, and should be fire<l 
once or twice with light charges of three or four ounces of powder. This 
usage will make them a little more flexible, so that they can be fjiked 
with less trouble. New lines, if possible, should be used when firing? 
•over wrecks. There should always be more than one good line at the 
a^tation, for a line once wet becomes difficult to handle. New lines ha^o 
not hiKl the stretch taken out of them by firing, and consequently aiv 
not apt to be broken should it be necessary to fire with heavy charges. 

X. FAKING-BOXES. 

These are boxes, pecuiliarly constructed, to contain the shot-lines anil 
preserve them in readiness for firing at a moment's notice. Their size 
varies with the diameter and length of line to be stored for service. 1 1 
has been found that the less the boxes in length and width, the better 
they were adapted to prevent the rupture of the shot-line, in consequeni-e 
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of the necessary shortening of the fakes in the line. Experiment showed 
that short fakes or loops of line diminished very markedly the length or 
amplitude of the vibrations in the Une when running out of the box. In 
the case of long fakes^ the line would break at the bend, or change of 
direction of the line, before its inertia was overcome. The eliect was the 
same as if the line had been nailed fast at the ends of the fakes. This 
was especially noticeable in the case of hemp lines, whose fibers are vers^ 
brittle, though very strong. In the effort to diminish the lengths of the 
fakes, experiments were made with boxes of lesser length and width 
than those used in service at present. This required the faking-pins to 
be longer. This alteration demanded a much deeper faking-box and 
one that had to have some method devised to hold it at the proper in- 
clination when about to fire. This form of box foiled for the following 
reasons, namely : the faking-pins were so long that they bent toward 
each other unduly in the process of faking, rendering it somewhat diffi- 
oxilt to disengage the line from them at the critical moment, and bring- 
ing such a strain upon the frame that it was liable to split. To remedy 
the.se defects, the frames and faking-pins would have to be made heavier 
and longer, which would add to the weight of the box; a result not de- 
sired. Increasing the depth of the box weakened it and made it more 
liable to be brqken by the successive impacts of the vibrating fakes, 
w^hich are always severe. It was found advisable to keep the height of 
the pins the same as at present and to make the boxes of a size just 
capable of holding the shot-lines, provided that in no instance should 
the boxes be longer than three feet. Four sizes of boxes were used, 
marked, respectively, A, B, C, and D. Boxes A and B are the sizes now 
used in the service ; C and D were designed and used with hues No. 5 and 
No. 3i, re8i)ectively. It was found that the life of a wooden faking-box, 
when heavy charges of powder are used, is shoi-t. The vibrations of the 
line, especially the lateral ones, which originate in the change of the line 
from tier to tier of fakes, are powerful enough to spht the ends of the 
box and to start the dovetailing after a few shots. In fact, the ends of the 
l)ox are sometimes split at the first fire. The split usually occurs about 
four inches from toj) of the box. The natural vibrations of the line, due 
to its position in the tiers of fakes, would be in diagonal planes nearly at 
right angles to each other ; this gives rise to a resultant vibration, whose 
plane is variable, depending on several changiog circumstances. When 
this resultant plane happens to assume a position perpendicular to the 
bottom and longer axis of the faking-box, either the bottom or the up- 
permost side of the box, and sometimes both, are liable to be split. The 
plane of resultant vibration is so unstable in position, that this does not 
often occur ; the ends are much more apt to be si)lit. It was found that 
the interior edges of the box acted as knife edges, cutting the rapidly 
pa>ing-out lines, and this, too, when the boxes are made of soft june 
and the edges are angles of DO^. The velocity of the passage of the 
line, together with the striking due to the vibrations, compensated for 
the unfavorable nature and material of the knife edge. The edges were 
rounded, and no fiirther difliculty was experienced from that cause. Some- 
times the entire line was. carried out, the end being taken in some in- 
stances more than 100 feet m front of the box. Should this occur in serv- 
ice, the shore end might be carried out into the water and be beyond the 
reach of the surfmen, though perfectly sucessful in all other particulars. 
To prevent this, a small notch, about the size of the diameter of the shot- 
line, is cut in the side of the box, and all it« e<lges and corners carefully 
romided and smoothed. Similar notches (whi(Ji need not be rounded) 
ai*e cut in each side of the "false" bottom. Then, after faking the line, 
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the operator leails the end in his hand down one side of the tiers of fakes 
to either of the notches in the "false" bottom, and the assistant pnts the 
faking-box over the rope and pins, with the notch in the box on the side 
where the line is led out; this allows the box and frame to be fastened 
together without tix)uble, and leaves the shore-end of the line hanging 
from the box. In firing, the iwtched side of the faking-box is placed upper- 
moat and the protruding end made fast to another line on shore, to ob^iate 
the danger of its loss by being hauled out to sea. In the service boxes, 
the frames and boxes are held together by two staples and a hook. The 
latter was always coming out, exposing the frame and line to the chances 
of falling and becoming entangled in transportation. Hasps and turn- 
buttons were tried on fiie experimental boxes; these^ though safe, some- 
times gave trouble in getting ready for firing when m great haste, and, 
the button being on the box, it wa« thought to give an opportunity for 
the line, when vibrating or whipping, to catch and be cut off. Hasps, 
staples, and lever snap-hooks are now recommended for trial. The 
boxes now made have the comers strengthened for about five inches 
with yellow-metal (an alloy of tin and copper) angle-pieces at each cor- 
ner, near the bottom — top when in i)ositiou for firing. 

XI. EXTENT OF KAXGE OF SHOT-LINE. 

In most all of the accounts of trials and experiments with line-carrjing 
apparatus, the subject of range seems to be the only one considered. 

If the attention of inventors is called to the fact that accuraey also is 
in some degree required, they immediately wander from the point, and 
bring up the fact of the shght deviation of their projectiles from the 
plane of fire as conclusive evidence that their method is perfect. 

The minimum lateral deviation or accuracy with which a line can be 
extended a given distance is a matter of vastly more importance thau 
apparently has ever been accorded by experimenters. The deviation of 
the projectile is seldom excessive, while the bowing or drift of the line 
may be out of all proportion. 

What advantage accnies if a range of a mile be obtained when at CAxry 
shot the line falls clear of the vessel by perhaps many yards, due to the 
lateral drift of the line from the effect of the wind f The drift or lateral 
deviation of the shot-line from the plane of fire increases with the light- 
ness of the line, the increase in the angle of elevation of the gun, and 
the diminution of axial tension ui)on the line; and, lastly, it depends 
greatly upon the horizontal angle that the directions of transverse winds 
make with the plane of fire. The effect of the wind is greatest when.this 
angle is 90° or blowing directly across the i)lane of fire. With light lines, 
longer ranges but less accuracy are obtained. The greatest range on 
record for a mortar and line-carrying projectile was obtained with gun 
A and a Silver Lake braided linen line Xo. 3J. This range was 604§ 
yards, measured distance. 

The greatest range heretofore obtanied with a mortar was 631 yards, 
reported by Captain Ottinger. How accurately this range was measured , 
or whether the distance Wiis only estimated, or what size of line was used 
is unknown to the writer; but that the moitar was very much heavier 
than the one used in the case above cited is beyond doxibt. 

A range of 400 yards is understood to be al)out the maximum range 
necessary for the requirements of the service along our coasts, and it is 
not probable that a hawser and life-car can be used with success over 
even so great a distance. 
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XII. VELOCITY OF THE WIXD. 

The velocity of the wind given in the tables of fire is not the actual 
velocity at the instant of firing. The results are the mean velocities of 
the wind during the intervals between the shots. This interval varies 
generally from 10 minutes to 40 minutes. The method of obtaining the 
velocities is as follows: A reading of the anemometer was taken a few 
minutes before the first shot upon any given day, together with the time 
of observation ; the second reading was taken directly after the first shot; 
the third reading was taken directly after the second shot, and similarly 
for the subsequent shots. From these times and readings the mean 
velocity of the wind during the interv^als was compxited. 

It was found by observation that the velocity of the wind was con- 
stantly changing and came in variable pxiffs ; that it would ireshen up 
for a moment or two and then die away more or less. The intervals be- 
tween the observations would often comprise several of these alternate 
maximum and minimum periods. In order that the mean velocity (the 
one recorded) should always fall below the actual velocity at the instant 
of firing, the piece was not fired until the T\-ind freshened and was blow- 
ing with its greatest force. 

The surface velocity of the wind appeared generally to be less than 
that above the ground at the summit of the trajectory\ This was seen 
in the effect upon the line, esi>ecially when the wind was blowing directly 
across the plane of fire. The anemometer for surface velocities was 
always placed opposite the 200-yard stake, except during the last few 
days of the experiments, when it was situated 50 yards in Jfront and to 
the right of the firing-point. It would have been placed near the 300- 
yard stake, but for the fact that the labor, already great, of walking down 
and back after every shot would have been increased. The writer took all 
readings himself, and either loaded the piece or was present every time 
it was loaded and fired during the experiments. This necessitated a 
great deal of toil through the sand. 

During many gales and storms for the past year observations were 
made a« to the frequency in duration of the temi>orary lulls of the wind. 

These were found in the generality of cases to occur often and to last 
for a varying interval of time, ranging from 7 to 20 seconds. iN'ow, ex- 
periments show that line-can*ying projectiles rarely occupy more than 
8^ seconds in their flight, and that it takes from 5 to 15 seconds more 
for the line to settle to the ground, depending upon the angle of eleva- 
tion at which the gun is fired and the weight of the line. Here, then, for 
extreme cases it may be seen that an interval of about 25 seconds, and in 
ordinary cases about half that period, is required to fire the piece and 
to allow the shot to describe its trajectory and the line to settle upon the 
ground or water. Therefore the piece, in case of wreck, should be pre- 
pared for firing, and, with lanyard taut, the gunner should await the 
favorable lull or moment of least violence in the gale, and then fire the 
piece without loss of time. 
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CHAPTER II. 
LIFE-SAYING APPAEATUS. 

RECOMMENDATIONS. 

The following gims and projectiles are recommended for the Life-Sav- 
ing Service : 

The caliber of the gun will depend upon the size of line used and the 
range required. 

For ranges of 300 yards and less, with heaN-y lines (larger than No. 7), 
a 3-inch gun should be used. 

For ranges of 400 yards and less, with service braided lines between 
Nos. 4 and 7, a 2.5-inch bronze gun should be used. 

For ranges of 250 yards and less, with service lines between Nos. 4 
and 7, a 2-inch bronze gun will be sufficient. 

It will be seen by comparing the above recommendations with the 
records of tiring that the writer has allowed a wide margin or factor of 
safety, as far as range is concerned, for even the 2-inch bronze gun (B) 
has no recorded range of less than 278 yards, and that, too, with a heavy 
1^0. 7 line. 

I. BKONZE LIFE-SAVING GUNS. 

Tliese guns are intended to be used in connection with projectiles hav- 
ing lines attached to them for the purpose of effecting communication 
between the shore and stranded A^essels ; or, under favorable circum- 
stances, they may be used on shipboai*d for throwing Unes to the shore. 
These guns are chill-cast, having smooth bores of 2", 2".5, and 3" in 
diameter, respectively. 

1. 2.5-INCH LIFE-SAVING GUN. 

[Model: Bronze gun C. Caliber: 2.5 inches =6.35 centimeters.] 

(Plate Y.) 

The exterior of this gun is divided into four principal part«, viz, the 
breeehy the first reinforce^ the second reinforce^ and the chase. 

The breech is a hemisphere, whose radius is equal to the semi-diameter 
of the first reinforce. 

The first reinforce is cylindrical, and extends from the base of the 
breech to a point in front of the axis of the trunnions. 

The second reinforce is a short frustum of a cone, joining the first re- 
inforce to the chase. The latter is cylindrical, and is of a lesser diame- 
ter than the first reinforce. 

The chase is terminated in front by the /ace of the piece, without any 
swell of the muzzle or muzzle-band. The cascabel and trunnions are 
short cylinders. 

The rimbases xinite with the exterior surface of the gun by tangent- 
curved surfaces. 

The vent-piece is of copper. The vent is perpendicular to the axis of 
the bore, and is 1.25 inches (=3.175 centimeters) from the bottom of the 
bore. 

The bore is cylindrical, and is terminated at its lower extremity by a 
hemispherical chamber, by which term it is proposed to designate the 
bottom of the bore. 
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N^omenclature. 

A— Breech. F— Bore. 

B— First reinforce. G — Trniinions. 

C — Second reinforce. H — Rimbase.s. 

D — Chase. I — Cascahel. 

E — Chamber V — Vent. 

Dimensions, &c. 

Inches. Centim'rsk 

Diameter of first reinforce 5.6 = 13.97 

Dianier of chase 4.5 = 11.43 

Diameter of bore 2.5 = 6.35 

Diameter of trunnions 2.0 ^ 5.08 

Diameter of rimbases 2.8 = 7.112 

Diameter of cascabel 1.5 = 3,81 

Diameter of vent 2 = ^8> 

Radius of breech , 2.75= 6.9e& 

Radius of chamber 1.25= 3.175 

Radius of chase 2.25= 5.71S 

Length of first reinforce 8.50= 21.59 

Length of second reinforce 2.00=: 5.08 

Length of chase 9.5 = 24.13 

Length of bore, exchisive of chamber 18.75 = 47.624 

Total length of bore 20.00= 50.799 

Length of trunnions 2.0 = 5.08 

Length of rimbases 1 = .254 

Length of cascabel 1.5 = 3.81 

Distance of vent from bottom of bore 1.25=: 3.775 

Distance between the rimbases 5.7 = 14.47& 

Total length of piece 24.25= 61.594 

Weights. 

Lb8. Kiloa. 

Weight of piece , 108.25=49.096+ 

Preponderance 1.5 = 0.6vS0-|- 

2. 2-INCH LIFE-SAVING GUN. 

[Model: Bronze gun B. Caliber: 2 inches = 5.0^ centimeters.] 

(Plate IV.) 

Tlii8 gua is of the same general form as gun ^^C" (2".5), but is nin ch 
.smaller and lighter. 

Nomenclature. 

A — Breech. F— Bore. 

B — First reinforce. G— Trunnions. 

C — Second reinforce. H— Cascabel. 

D— Chase. V— Vent. 
E — Chamber. 



Dimensions J i&c. 



luclicfl. Contim'rB. 

Diameter of first reinforce 4.0 = 10.16 

Diameter of chase 3.5 = 8.89 

Diameter of bore 2.0 = 5.08 

Diameter of trunnions 1.75= 4.445> 

Diameter of cascabel 1.5 ^ 3.81 

Diameter of vent 2 = .508^ 

Radius of breech 2.0 = 5.08 

Kadius of chamber 1.0 =: 2.54 

Radius of chase • 1.75= 4.445 

Length of first reinforce 8.0 = 20.32 

Length of second reinforce ^ 1.0 = 2.54 

Length of chase 9.0 = 22.86. 
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Length of bore, exclusive of cliamber ..- 17.0 = 43.179 

Total length of bore 18.0 = 45.719 

Length of trunnions 1.5 = 3.81 

Length of cascabel 1.5 = 3.81 

Distance of vent from bottom of bore 1.25 = 3.175 

Distance between the rimbases 4.0 = 10.16 

Totfll length of gnn 21.5 = 54.609 

Weights. 

Lbs. Kil(M. 

Weight of piece 54.25 = 24.607-|- 

Preponderance 1.0 = .453-f 

[NoTE. — ^A 3-inch (=7.62 centimeters) gun may be made differing but 
jslightly in weight and dimensions from the 2J-inch above given. The 
model is essentially the same in both.] 

n. PROJECTILES. 

1. 2.5-INCH PROJECTILE. 

Diameter, 2.5 inches=6.35 centimeters. 
(Plate XXn.) 

This is a solid cast-iron shot. The form is cylindro-ogivaL A fiiistum 
of a cone forms the base. 

The radius of the ogival head is equal to one diameter of the shot. A 
wrought-iron shank is screwed into the base, having an eye at its i)oste- 
rior extremity for attaching the shot-line. 

• Dimensions. 

Inches. Ceutm'rs. 

Total length 15.7 = 39.877 

Lieusth of ogival head • 2.17 = 5.5118 

Radius of head 2.5 = 6.350 

Length of cylindrical part 12.43 = 31.5712 

Diameter of cylindrical part 2.5 = 6.350 

Length of frustum 1.1 = 2.794 

Diameter of smaller base of frustum 1.35 = 3.429 

Shank— Total length 6.5 = 16.510 

Length of screw 1.5 = 3.810 

Diameter of screw 1.0 = 2.540 

Length from plane of base 5.0 = 12.700 

Distance from base to center of eye-hole 4.5 = 11.430 

Diameter of eye-hole 4 = 1.016 

Width at eye 1.0 = 2.540 

Thickness at eye 4 = 1.016 

Diameter of neck 625= 1.5875 

Dista nee of center of grav i ty from plane of base 7. 45 = 18. 923 

Weight, 

Lbs. KiloH. 

Weight, about 19 = 8.61-f 

2. 2-INCH PROJECTILE. 

Diameter, 2 inches =5.08 centimeters. 
(Plate XVin.) 

This projectile is similar to the larger calibers, being cylinclro-ogival 
in foim, with a conical frustum for its base. The radius of the ogival 
head is equal to one diameter of the shot. The body is of cast iron. 
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An axial canity, bored from the base, runs nearly the whole length of 
the projectile. Into this ca\ity melted lead is poured and allowed to 
cool, after which the shank is screwed in. The lead increases the weight 
of the shot without increasing its volume. 

Diynemions. 

Inches. Centim'ra "! 

Totallength 15.0 =38.090 

Length of ogival head 1.73 = 4.3942 

Radius of head 2.0 = 5.080 

Length of cvlindrical part 12.27 = 31.1148 

Diameter or cylindrical part 2.0 = 5.080 

Length of fmstum 1.0 = 2.540 

Diameter of smaUer ba«e of frustum 1.375 = 3.4925 

Axial cavity— Total length 13.5 = 34.289 

Length filled with lead 12.0 = 30.479 

Diameter 1.0 = 2.540 

Shank— Total length 6.5 = 16.510 

Length of screw-thread 1.5 = 3.810 

Diameter (exterior) of screw-thread 1.1 = 2.794 

Length from plane of base 5.0 =12.700 

Distance from base to center of eye-hole 4.5 = 11.430 

Diameter of eye-hole 4 = 1.016 

Width at eye 1.0 = 2.54 

Thickness at eye , 4 = 1.016 

Diameter of neck 5625 = 1.42875 

Distance of center of gravity from base 7.0 =17.78 

Weight. 

Lbs. Kilos. 

Weight, a little more than 13 = 5.896 

3. 3-INCH PROJECTILE. 

Diameter, 3 inches = 7.62 centimeters. 
(Plate XL) 

Thia is an elongated, solid, cast-iron smooth-bore projectile. In form 
it is cylindro-ogival, with a mistum of a cone for its base. 

The radius of the ogival head is equal to the diameter of the shot. 

The edges or angles about the base are slightly rounded. 

A shaf^y or eye-bolt, of wrought-iron is screwed into the base of the 
projectile to serve as a ppint of attachment for the shot-line. 

Dimensions*. 

Inches. Centloi'rs. 

Totallenflrth 13.8 = 35.051 

Length of ogival head 2.6 = 6.604 

Radius of hea<l 3.0 = 7.620 

Length of cylindrical part 9.9 = 25.146 

Diameter of cylindrical part 3.0 = 7.620 

length of frustum 1.3 = 3.302 

Diameter of smaUer hase of frustum 1.7 = 4.318 

Shank— Total lenffth 6.5 = 16.510 

Length of screw 1.5 = 3.810 

Diameter of screw 1.0 = 2.540 

Length from plane of base 5.0 =12.700 

Distance from base to center of eye-hole 4.5 = 11.430 

Diameter of eye-hole 4 = 1.016 

Widthateye 1.0 = 2.540 

Thickness at eye 4 = 1.016 

Diameter of neck 625 = 1.5875 

Weight. 

Lbs. Kilos. 

Weight about 23 = 10.432 
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HI. GUN-CAREIAGES. 

The carriages or beds for these guns are shown in the accompanying 
drawings, which are sufficiently explanatory. The cheeks and front 
transom are of wood, and all other parts are made of metal ; wrought 
iron in the two already made. 

WEIGHTS. 



1. Carriage for 2.6 and 3 inch guns, 
(Plate XX\T[L) 

kLbs. KiloA. 

For gun C, carriage aud quoin 54.25 =24.607+ 

For gun C, carriage alone (49.41 lbs.) say 50.0 =22.68 

2. Carriage for 2'inch gun — {Oun B,) 

(Plate XXVI.) 

LbB. KiloA. 

Weight of carriage and quoin 35.0 =15.876 

Weight of carriage alone 33.5 =15.196 

lY. FAKING-BOXES. 

Faking-box A should be used for lines Nos. 6 and 7. 
Faking-box B, for braided lines iN^os. 4 and 4 J. 
Faking-box C, for braided line No. 5. 
Faking-box D, for braided line No. 3J. 

V. SHOT-LnvTES. 

The Silver Lake Company's braided linen lines Nos. 3 J, 4, 4 J, 5, 6, and 
7, should be preferred. No. 3 J is advisable where extreme range is re- 
(fuired. The others may be used in ordinary cases. The " water-proof 
finish ^ should be required. 

YI. IMPLEMENTS, &C. 

The following list of minor implements and arti<jles should go with 
each gun : 

LIST. 



Sponge and rammer. 
Wiping-rod and wiper* 
2 priming-wires. 
Lanyard. 
Combination level. 



Gxmner's haversack. 
Cartridge-bags, two sizes. 
Friction primers. 
Quick match for 2'' gun. 



YIL SEKYICE CIIAliGES OF POT\T)ER (ordinary). 

1. Foil 2".5 ot-N. 2. Foil 2" orx. 



Xumlmr of line. 


Weight of powder. 


1 Number of line. 


Weight of powder. 


4 mid 4i 
6 and 7 


Ounces. 
4 to6 
4 to 6 
4 to 8 


4and4i 
1 5, «, and 7 


Ouncfs. 
3t»4 
3 to 4 
3to6 



3. For drills, 3 ounces should be used. 
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CHAPTER III. 

I. II^STRUCTIONS. 

Keep the bore of the gun clean at all times. There is often a deposit 
left after firing, near the seat of the charge, which prevents the projec- 
tile firom going entirely down to the cartridge. This deposit should 
always be removed.* 

The projectiles should be kept ft*ee from rust. The use of emery- 
cloth and the application of a little oil will protect the shot from 
rust. 

In loading, always measure the distance ftx)m the charge to the muz- 
zle with the ramrod or wiper and apply it to the shot. In this manner 
the gunner can always tell whether the projectile is fully down or i& 
obstructed by dirt or sand. 

If the piece be fired when the projectile is not " home," it strains the 
gun unnecessarily. 

n. DIRECTIONS FOR FIRING. 

Having the gun and apparatus on the ground, to prepare for firing : 

1. Select a place where the gun and carriage may i*ecoil without strik- 
ing rocks or other obstructions. 

2. Note the position of the vessel to be relieved ; her distance from 
the shore, the direction and approximate force of the wind. 

3. Place the gun in position, making allowance for the force of the 
wind and for the drift of the line. 

4. Place the faking-box and line on the windward side of the gun^ 
and two or three feet from it — not more. The box should be on a line 
with the muzzle of the gun. Loosen the hasps, invert the box, and 
incline it to the front at an angle of about 45o. 

5. See that the vent is clear by inserting the priming-wire. 

6. Wipe off the shot with care, freeing it from dirt and sand. 

7. Remove the frame and faking-jjins, pressing at the same time 
gently upon the " false " bottom to keep the fakes in place. Then re- 
move the " false ^ bottom by lifting it slowly until clear of the box. 

8. Seize the end of the line, dra\\ing out just enough to reach to the 
gun without disturbing the fakes in the box, pass the end through the 
eye-hole in the shank and tie two or tliiee half-hitches in it, drawing 
the knot down close to the eye ; then wet about three or four feet of 
the line. 

[The wetting is a precaution that was not taken in the experimental 
firmg, it not being found necessary. It is better, however, to err on the 
safe side.] 

9. Remove the tompion or nmzzle cover from the piece. 

10. Insert the cartridge. 

11. Insert the projectile slowly until it rests upon the cartridge. 

12. Prick the caitridge with the priming-wire to avoid disturbing the 
elevation after being given. 

13. Set the "combination level" to the desired angle. 

14. Pla<;e the Tower arm of the level lengthwise upon the chase. 

15. Elevate the muzzle until the bubble of the level stands at the 
middle of the tube. 

16. Adjust the quoin. 

17. Unroll the lanyard and insert the hook in .the wire loop of the 
friction primer. 

*G<»nerall.v roraoved hy lining wet sponge. In very cold weatlier, alcohol should be 
nsed instead of water, to prevent freezing. 
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18. Insert the primer gently in the vent 

19. Stand clear of the line. 

20. Fire the piece. 

XoTE. — If any of the fakes should slide from the box to the ground, 
place the loose line in small fakes not more than 18 inches long in front 
of the box. The necessity for this operation should be avoided if pos- 
sible. 

in. MANNEE OF FAKING. 

Faking is an operation which requires some care. Any person may 
learn to do it in a kind of way, but it requires a man who can exercise 
a little common sense to do it well. Carelessness and ignorance are the 
most fruitful causes of want of success in laying up lines by this method. 
Practice alone can make a successfrd " faker.^ One man may fake a 
line, but, having to attend to three operations at the same time, does 
none of them properly. Two inen may put up a line, but, as before, 
there being more operations than men, they often fail. Three men can 
fake a line well. For convenience of reference, I vnil number these men 
Kos. 1, 2, and 3. Their duties will be given here consecutively, but it 
must be understood that they are i>erfbrmed simultaneously. 

Duties of No. 1. 

Xo. 1 is the " faker," and is responsible for the condition in which the 
line is stowed away. He takes the faking-box, places it on the ground 
with the side or top uppermost, puts the frame with the pins on top of 
it, seizes the "false" bottom and lowers it into position over the pins, 
and stands at the side facing the box. He is now ready to begin faking. 
The cord or line is supposed to be on the same side of the box as the 
"faker," and at some distance in rear of him, in coils or upon an impro- 
vised reel. 

No. 2 stands on the opposite side of the box from No. 1 and facing 
him. 

No. 3 is about two yards behind No. 1, and stands ready to pay out 
the line from the reel or coil. 

No. 1 seizes the end of the line, with his right hand draws it forward, 
letting it pass close to his right side, lays the end along the "false" 
bottom with the end to his right. [It was formerly the custom to 
coil several yards of line loosely upon the " false " bottom before begin- 
ning to fake ; this should not be done ; no more line should be put on 
the bottom than just sufficient to reach the length of the box, as that 
length will generally be sufficient to reach from the box to the gun in 
loading, thus avoiding long fakes on the ground and the disturbance of 
the fakes in the box.] He then leads the line between the comer and 
second pins at the left-hand comer of the frame, on the side of No. 2, 
brings it around the comer pin and between the second and third pins 
in the end row, thence diagonally across the corner and around the sec- 
ond pin of the side row from left to right (No. 2 holds down this loop), 
thence back and around third pin of the end row (holding down this 
loop with the thumb and finger of his left hand) ; this forms the first 
fake in the first tier. Eepeating this operation, he forms a tier of diag- 
onal fakes and brings up at the right-hand comer on his own side of the 
box, and passing the line around the second and comer pins of the end 
row (on the right) between the corner and second pins on the side row 
next to him, he carries the line along the length of the box, and out be- 
tween the comer and second pins in the left-hand end row, and around 
the comer and second pin in the row on the side towards him, thence 
across the comer and around the second pin in the end row, then back 
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aroand the third pin in the side row, fonuing the first fake of the second 
tier. 

The second tier will end at the right-hand comer on the side opposite 
the faker, when the line is carried in a similar manner along the frame 
on the side of No. 2 to the left-hand comer on that side, where the third 
tier begins. 

Thus, it will be seen that the odd numbers of tiers begin at the left- 
band comer on the side opposite to the faker, while the second, fourth, 
sixth , &c., or even numbers of tiers begin always at the left-hand comer on 
tlie side upon which the faker stands. 

No. 1 continues this oi)eration of faking with his right hand and hold- 
ing down the loops nearest to him with his left until the pins are filled, 
then if any line be left iinfaked he coils it loosely on top of the tiers and 
passes the end down on one side to the notch in the " false" bottom. 

Nos. 1 and 2 take hold of the frame, one at each end, lift it off the box 
and place it on the ground. 

No. 3 seizes the box and inverts it over the faking-pins and line, with the 
notched side over the loose end of line, which is allowed to extend out 
for about a foot. No. 1 holds this end in the notch of the "false" bot- 
tom until the box is adjusted in position, when Nos. 2 and ^3 close and 
fasten the hasps. The box and Ime are now ready for transportation. 

Duties of 2^0. 2. 

No. 2 takes his place opposite to No. 1, the box with the faking-pins 
being between them. His duty is to press down and hold the loops in 
place on his side of the frame as fast as No 1 passes them over the pins ^ 
^ivhen the faking is completed he assists No. 1 in moving the frame and 
line from the box to the ground, and fastens the hasp at one end of the 
box. 

Duties of N^o. 3. 

The position of No, 3 is about 6 feet or less in rear of No. 1. He pulls 
the line from the reel (which may be mounted upon a temporary stand 
or frame) or coil, disentangles it, removes all knots or kinks, and pays it 
out to No. 1, who fakes it up. The ease and rapidity with which No. 1 
fakes will depend greatly upon the manner in which No. 3 pays out the 
line. If he does not give enough slack. No. 1 will draw tiie fakes too 
tightly around the pins, bending and drawing them together at the top, 
bringing unnecessary strain upon the frame, and in exceptional cases 
bending the frame so much that the hasps cannot be fastened. The same 
effect will be produced if No. 3 i>ermits too much slack, as then the ex- 
tra weight and effort causes No. 1 to wind too tightly. No. 3 must obey 
the directions of No. 1 in paying out line, and accommodate himself to 
the rapidity of action of the faker. Strict attention and frequent prac- 
tice are necessary to acquire any degree of skill in this manipulation. 
!No. 1 has the tedious and tiresome part to perform in this operation. 
He must be especially careful not to draw the loops too tightly around 
the pins ; this he unconsciously will be sure to do without the exercise 
of great caxition. He should instruct No. 3 in regard to the rapidity of 
passing the line. When faking, he should always leave the fakes as 
loose upon the pins as he thinks is necessary, and then leave them a 
little looser. 

It is almost impossible for oue man to fake a line without drawing it 
too tight ; besides which, it is a long and toilsome process. Two men 
can do it but little better, since No. 2 can render No. 1 no assistance in 
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drawing the line from the reel or coil. Three men should always be 
employed when possible. Practice, and a great deal of it, alone can 
make an expert faker. 

Intelligent instruction by ilhistration should be given to new men 
4intil they thoroughly understand the method, for faulty customs and 
habits when formed are not easily corrected. 

Frequent drills in faking should be maintained by the keepers of sta- 
tions, during which all the surfmen should be taught, not only how to 
fake, but how to do it well and rapidly. 

An ordinary faker with two good assistants can put up 600 yjirds of No. 
7 line in from 26 to 28 minut-es. A clumsy man will generally be fi'om 
40 to 50 minutes putting up the sam^B line. 

It must be remarked, however, that the more rapid the faking the 
greater the danger of getting it too tight upon the pins. 

lY. COXCLUSIOK 

In the use of this, as of all other apparatus, a certain degree of care 
and common sense must be constantly exercised by those who have it 
in charge. The best and most perfect apparatus in the world will prove 
a miserable failure in the hands of ignorance and carelessness. The 
necessity for thorough instruction and frequent practice is nowhere so 
urgently called for as in the fitting of men to handle efficiently the ap- 
pliances for saving human life. 
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PART II. 
CHAPTER I. 

BROXZE LIFE-SAYIXG GUNS. 

The term " life-saving gims " is here used to designate such ordnance 
as may be employed to eifect communication between stranded vessels 
and the shore, by throwing a projectile carrying a line from the shore 
over a vessel, or from a vessel to the shore. 

The guns and mortar treated of in this chapter are given in the chro- 
nological order of their preparation for experimental l&ing. 

Section I. RIFLED MORTARS. 

3-INCH MUZZLE-LOADINa RIFLED MORTAR. 

(Plate I.) 

DESCRIPTION. 

This piece is made from an old bronze gun which was found among a 
lot of captured ordnance. The gun is of an obsolete pattern and its 
history is unknown. It was prepared under the direction of " The Ord- 
nance Board,'^ United States Army, for making experiments in connec- 
tion with the United States Life-Saving Service. 

The muzzle was cut off 6".4 from the trunnions, and a muzzle-band or 
<;vlindrical (exterior) ring 6'' in length screwed on as shown in the plate 
(Plate I, Fig. 1). 

The rifling consists of 3 grooves, 0".75 wide and O'M deep. The 
grooves begin 1".25 in front of the chamber and reach their full depth 
at 2" from the same plane. 

The ramp, joining the surfaces of the bore and the bottom of the 
grooves, is 0".76 in length. 

The grooves are rectangular in section with the comers slightly 
rounded. The exterior tapers slightly from the base ring to the trun- 
nions. The old vent had been fiUed up and a new one with a copper 
bouche inserted. 

The axis of the trunnions is below that of the piece. The chamber is 
cylindro-spherical. 

Dimemions. 

Total length 26.25 inches. 

Total length of bore, including chamber 20.25 inches. 

Diameter of base ring 6.2 inches. 

IMameterin rear of trunnions 5.1 inches. 

Diameter at vent 5.7 inches. 

Diameter in front of chamber 5.65 inches. 

Diameter at muzzle 5.35 inches. 

Diameter of bore 3.0 inches. 

Diameter of chamber 2.5 inches. 

Total length of chamber 2.75 inches. 

Length of cylindrical part of chamber 1.50 inches. 
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Radius of bottom of chamber 1.25 inches- 
Length of trunnions 1.9 inches. 

Diameter of trunnions 2.0 inches. 

Thickness of metal at vent 1.6 inches. 

Thickness of metal in front of chamber 1.32 inches. 

Thickness of metal at muzzle 1.1 inches. 

Distance of vent from bottom of chamber 1.5 inches. 

Number of grooves 3 

Depth of grooves 0.1 inch. 

Width of grooves 0.75 inch. 

Twist, one turn in 10 feet. 

Vent piece, diameter of screw 0.75 inch. 

Vent piece, diameter of head ! 0.85 inch. 

Vent, diameter of 0.2 inch. 

Weights, &c. 

Weight of rifled mortar (converted) 133 pounds. 

Preponderance 43.25 pound.s. 

Section II. SMOOTH-BORE GUNS. 

Bronze was selected as the metal from which to cast the experimental 
gans. 

The necessary calcnlatlons and drawings were made, and copies of the 
latter, upon tracing-linen, were placed in the hands of the South Boston 
Iron Comi)any, who had undertaken the fe;brication of the guns. 

I. BRONZE GUN A. 

Caliber, 3 inches =7.62 centimeters (converted). 

(Plate II.) 

In the plate this gun is represented with the diameter of the bore 2.5 
inches. Later, the bore was enlarged to a diameter of 3 inches, as will 
be seen hereafter, though the total length of the bore remained unaltered. 

The exterior of this gun is divided into four principal parts, viz, the 
ireechj the first reinforce, the second reinforce, and the chase. 

The breech is a hemisphere whose radius is equal to the semi-diameter 
of the first reinforce. 

Hie first reinforce is cylindrical, and extends from the base of the 
breech to a point in front' of the axis of the trunnions. 

The second reinforce is a short fhistum of a cone, joining the first re- 
inforce to the chase. The latter is cylindrical, and is of a lesser diameter 
than the first reinforce. 

The chase is terminated in front by the face of the piece without any 
swell of the muzzle or muzzle-band. The cascabel and trunnions are 
short cylinders. 

The rimbases unite with the exterior surface of the gun by tangent- 
curved surfaces. 

The vent-i)iece is of copper. The vent is perpendicular to the axis of 
the piece, and is 1.5 inches (3.81 centimeters) from the bottom of the 
bore. 

The bore is cylindrical and is terminated at its lower extremity by a 
hemispherical chamber, by which term it is proposed to designate the 
bottom of the bore. The gun was designed for a caliber of 2.5 inches 
(6.35 centimeters). 

When first comi)leted, however, it was bored out to a caliber of only 
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2 inches (5.08 centimeters), in order to make some preliminary experi- 
ments with projectiles of that diameter. It was afterwards bored up to 
caliber of 2.5 inches, and a series of exx)eriments made. Still later the 
size of the bore was increased to 3 inches, and half an inch w^as taken 
from the length of each trunnion. 

The follomng table gives the respective weights of this gun after the 
successive operations : 





Weights of bronze gun A. 

1 








Actual 
weight. 

Pound*. 
137 
r27.5 
U4 


Calculated, 
weight. 


With bore 2f' in diameter 




Pounds. 
132. 410+ 
122.467+ 


With boT© v'.5 in diameter 


With bore 8" in diameter 









The theoretical weight was calculated upon the assumption that the 
specific gravity of the alloy was 8.7. 

PEEPONDERAl^CE. 

With 2" caliber, about , 6 ozs. ("muzzle preponderance.") 

With 2^5 caliber 2.5 lbs. 

With 3''.0canber 6.5 lbs. 

1. Character of the bronze. 

The alloy, as shown by the fracture, appeared to be very homogeneous. 
The action of the metal in the turning-lathe indicated great toughness. 
The surfaces of the specimens tested i^resented after fracture that pecu- 
liar blistered appearance and change of form which is usually exhibited 
by good bronze when subjected to great tensile strain. 

This gun was cast muzzla downward, and consequently the "riser," 
or sinking-head, was in rear of the cascabel. The specimens for testing 
were taken from that portion of the "riser" which was nearest to the 
breech of the gun. They were four in number. 

Three of the specimens were cut from the exterior of the "riser" equi- 
distant from each other, measured circumferentially; the fourth was an 
axial specimen from the same mass of metal. (See Plate III, Fig. 1.) 

The axes of all the specimens w^ere parallel to the axis of the gun. 

Screw-threads were cut ui)on the heads tx) fit them to the holders of 
the testing-machine. 

Upon both ends of the pieces were marked the letter A, to designate 
the gun, the letter H to indi(*.ate the sinking-head, from whence they 
were taken, and the numbers of the specimens. 

Dimensions of specimens. 

Total length 6.4 inches. 

Length of nhonldera 0.2 inch. 

Length between shoulders 4.0 inches. 

I^ength of heads 1.0 inch. 

Diameter 0.798 inch. 

Art^a of cross-section 0.5 inch. 

Diameter of heads before cutting thread 1.4 inches. 

Diameter of heads after cutting thread 1.25 inches 

(See Plate III, Figs. 1, 2, and 3.) 

These careftiUy turned and finished samples of bronze were placed in 
the hands of Mr! C. B. Eichards, engineer of the Colt's Patent Fu-e-Arms 
4 AP 



Digiti 



ized by Google 



42 



UNITED STATES LTFE-SAVINQ SERVICE. 



Manufacturing Company of Hartford, Conn., to be tested upon the test- 
ing-machine constructed by that company. This machine owes its present 
accuracy and general excellence to the scientific ability of Mr. Eichards, 
under whose supervision it was constructed. In this place a mere ab- 
stract of the results of the tests will be given ; for ftirther detailed in- 
formation in regaled to the tests and the machine reference must be 
m^ide to the report of Mr. Eichards, which will be found upon subsequent 
pages. 

Teats of nietal in hronze gun A. 



Te«t-nuinber of the specimen. 



Original mark on the end of the specimen I A. 



Original minimum diameter of the specimen 

Minimum area of cross-section \ ^ev^in^V. 

Distance between gango-marks . . . . | Af^^fracturo! ! 

Greatest observed stress sustained without set 

Breaking stress 

Elastic resistance, in pounds, per square inch of orig- 
inal cross-section 

Ultimate resistance, in pounds, per square inch of orig- 
inal cross-section 

Great-est reduction of cross-section per cent. . 

Ultimate elongation between gauge-marks per cent. . 



912. 


913. 


914. 


A. H. 1. 


A. H. 2. 


A. H. 3. 


0.789 


0.797 


0.797 


0.489 


0.499 


0.499 


0.283 


0.292 


0.283 


3.49 


3.49 


3.49 


5.38 


5.30 


5.38 


5500. 


6000. 


6000. 




23340. 


23740. 


11000. 


12000. 


12000. 


47600. 


46780. 


47580. 


4?.l 


41.5 


4a 3 


54.1 


51.6 


53.9 



915. 



A. H. 4. 



0.7dg 
0.5 
0.4l?5 
3.49 
3-95 
3500. 
14220. 

7000. 

28440. 
16.4 
13.3 



No. 915 was the axial 



NoTK. — Dimensions and areas are given in inches and stresses in pounds, 
specimen. 

"The stresses were applied gradually in all cases." 

"Observations to ascertain when a permanent set was produced were 
made after the addition of each 500 pounds stress up to the elastic lindt.'' 

"Tlie extensions produced by increasing the stress from 1,000 pounds 
to 3,000 pounds were as follows : 



Test-number of specimen 912. 913. 914. 915. 



Extensions ten-thousandths of an inch . . 

Moduli of elasticity millions of pounds.. 



11. 
12.7 



la 

14. 



as 

16.5 



10. 
14.' 



2. Marks. 

The only external mark upon the gun is the letter A on top of the gun 
between the trunnions. 



A — Breech. 

B — First reinforce. 

C — Sfecond reinforce. 

D— Chase. 

E — Chamber. 



3. NOMENCLATUBE. 

F— Bore. 
G — Trunnions. 
H — Cascabel. 
I — Rimbases. 
V— Vent. 



4. Dotation and dimensions. 

!)= diameter of first reinforce =6.0 inches. 

<f, = diameter of chase = 4.5 inches. 

ifa=dianieter of bore =2.5 inches. 

d9=diameter of trunnions = 2.5 inches. 

rf4=diameter of cascabel == 2.0 inches. 

dfi = diameter of rimbaKes, assumed to be cy li nders =3. 5 inches. 

R = radius of breech I =3.0 inches. 

r =radiu8 of chamber = 1.25 inches. 

r^=radius of chase =2.25 inches. 

Zi =lengthof first reinforce =7.25 inches. 

/i=;leugth of second reinforce =2.0 inches. 
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^=lengtb of chase = 8.75 inches. 

J4 = length of bore exchisive of chamber =16.75 inches. 

J6=length of trunnions = 2.5 inches. 

/e=lengthof cascabel = 1.5 inches. 

Z7 = length of rimbases = 0.1 inch. 

ri, r9, rs, Ac, = volumes of breech, first reinforce, second reinforce, &c., in cubic inches, 
aci, Xa, JTs, &c.,= distances of centers of gravity of breech, first reinforce, second rein- 
force, &c., from plane of reference. 

5. Calculations. 
a. Volumes. 

A. Breech — ^hemispherical: 

Volume = J D3 X .5236 = ^ x 216. x .5236 = tJi = 56.5485 x cubic inches. 

B. First reinforce — cylindrical : 

Volume = D» X .7a'>4 x ?i = 36 x .7854 x 7.25 = V2 = 204.9886 cubic inches. 

C. Second reinforce — ^frustum of a cone : 

Tolume =. ^ Z. x .7854 (g^g) = i . 2 X .7854 Q'lzVH = ^^ = 

43.59 cubic inches. 

D. Chase— cylindrical : 

Volume = di^ X .7854 x Zg = 20.25 x .7854 x 8".75 = tu = 139.1627 cubic 
inches. 

E. Chamber — ^hemispherical: 

Volume = id2^x .5236 = i. 15.625 x .6236 = — rj = 4.0906 cubic inches. 

F. Bore — cylindrical: 

Volume = ^2* X.7854 x 74 = 6.25 x .7854 x 1675 = — t?6 = 82.2213 cubic 
inches. 

G. Trunnions (2) — cylindrical : 

Volume = 2 d;,* X .7854 x ^5 = 2 x 6.25 x .7854 x 2".5 = t77 = 24.5436 cubic 
inches. 
H. Cascabel — cylindrical: 
Volume = dx^ x .7854 x /g = 4 x .7854 x 1.5 = rg = 4.71 cubic inches. 

I. Eimbases (2) — cylindrical (assumed to be) : 
Volume = 2€k^ x .7854 x 7^ = 2 x 12.25 x .7854 x O'M = Vj = 1.9242 cubic 
inches. 

Weight. 

Cnbio IncheA. Cable Inohes. 

Vi=z 56.5486 -^5= - 4.0906 

%= 204:9886 ^ve=: - 82.2213 

t?3= 43.5900 (-) 86.3119 

t?4 == 139.1627 

X 444.2899 = volume of gun less trunnions, rimbases, and! 

cascabel. 
(— ) 86.3119 = volume of chamber and bore, 

X 357.9780 = volume of metal less trunnions, rimbases, and 
cascabel. 
v^ = 24.5436 = volume of metal in trunnions. 
Vs = 4.7100 = volume of metal in cascabel. 
V9 =s 1.9242 = volume of metal in rimbases. 

V = S{v) = 389.1558 = total volume of metal in gun. 
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w = 0.3147 pounds avoirdupois = weight of one cubic inch of bronze 

whose specific gravity is 8.7. 
Henc« W=Y xtc = 389.1558 x .31 47 pound = 122.467 + pounds = weight 

of gun. 

h. Center of gravity. 

Assuming the plane YZ, the plane of reference, to coincide with the 
base of the breech, and the axis of X to coincide with the axis of the 
bore, then, since the volume is symmetrically disposed in regard to this 
axis, the center of gra\dty of the' gun will be given by the formula — 
^ _ ^1 a?i + t?2>r2 + V3^3 + &c. 

'^'i + % + "t's + &c. 
in which 
X = the distance of the center of gravity of the gun from the plane of 

reference, and 
Vij ^2, &c. = the elementary volumes ; 

jPi, X2y &c. = the distances of their respective centers of gravity from the 
plane of reference. 

All distances estimated toward the right from the plane YZ are 
regarded as positive; all estimated toward the left from this plane ai'e 
regaixied as negative. 

The volumes of all cavities (such as bore, chamber, &c.) are consid- 
ered as negative. 

The volumes of the trunnions and rimbases are omitted in this com- 
putation, since they are symmetrically disposed about a line passing 
through the center of gravity of the gun, and perpendicular to the axis 
of the gun. 

The cascable is also omitted on account of its small size and weight. 

COMPUTATION. 

Values of a?i, 072, ^3j &c. 
For— 

A. Breech — ^hemisphere: 

(-) a:i = f E = 1 . 3" = - l'M25. 

B. First reinforce — cylinder: 

iTj = i Zi = J . 7".25 = 3".625. 

C. Second reinforce— frustum of cone: 

X -7"254-4 I /"3r ^^ + 2Rr^ + B^\ 
0-3-7 .25 + i.ki^-^^^-^-^-^--^J 

= 7'^25 + 0''.9054 
.•.ir3 = 8M554 

D. Chase — cvlinder: 

x^ = 9".25 + H = ^'-25 + 4".375 = 13^.625. 

E. Chalnber — ^hemisphere: 

a-5 = 1".25 - f r = 1".25 - ."46875 = 0".78125. 

F. Bore — cylinder: 

Xs = 1''.25 + il4 = 1".25 + 8".375 = 9".625. 

Substituting the values of Ui, Tg, &c., and Xi, x^^ &c., in eq., and mul- 
tiplying, we have — 

_ (■- 63.61735 + 743.0844 + 35 5.4901 + 1896.0870 - 3.19577 - 791.38) 
^ "56.5485 + 204.9886 + 43.59 + 139.1627 - 4.0906 - 82.2213 

or 

X = 5'^968155, say x = 5''.97 = distance of center of gravity of ^n from 
the plane of reference. 
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6. FABRICATION OF EXPERIMENTAL BRONZE GUN A. 

1. Drawing, — ^A fiiU-size drawing of the gun was first made; the 
dimensions in inches and decimal parts of an inch were marked upon 
this drawing. An accurate copy of this drawing was made ui>on tracing- 
linen and sent to the South Boston Iron Company to guide the founder. 

2. Ihraichigfor the chills, — ^The manufacturers prepared afull-size draw- 
ing of a set of iron chills in which the gun was to be cast. The dimen- 
sions of the chills were such as to allow for the contraction of the metal 
ill cooling, for finishing the gun, and for the sinking-head, or " riser." 
The chills are made in two parts, which are identical in form. 

3. Pattern. — From the above drawing, a model or pattern of one-half 
of the chill was made of white pine, due allowance being made for the 
shrinkage of the cast-iron in cooling. The model was completed by 
smoothing it off with sand-paper and varnishing. 

4. Molding, — From this half-model a mold of one of the half-chills was 
formed in wooden flasks. This was done by ramming molding-compo- 
sition compactly around the mold. This composition is a kind of sandy 
loam, containing just enough clay to make it cohesive when slightly 
moistened and pressed together. The wooden half-flasks are kept from 
sticking together by being sprinkled with a dry white sand, called part- 
ing-sand by molders. The mold for the second half-chill was made in 
the same manner. The molding being completed, the half-flasks were 
bolted together, and placed in an oven to dry thoroughly. 

5. Casting the chills. — ^When i)erfectly dry, the flasks containing the 
molds were removed from the oven, the cast iron was melted and run 
into them. After cooling, the flasks were removed and the chiUs were 
prepared to receive the bronze casting for the gun. 

6. The chills.— {¥ig. 1, plate 47.) These were of cast iron. 1".75 thick. 
The total length was 13" greater than the extreme lengtli of the gun. 
Of this surplusage, one inch was on the muzzle end, and 12" at the 
breech for a sinking-head or " riser." The cavity at the breach end wa« 
cylindrical, 6".5 in diameter ; that at the muzzle was a frustum of a cone 
whose lesser base had a diameter of 5". The faces of the flanges where 
the half-chills came together were planed, in oixier to fit closely. The 
half-chills were bolted together, and the bottom closed by an iron plate, 
1''.75 thick, bolted to the bottom flange. 

7. Heating the chills. — ^The inside surfaces of the chills were coated 
with clay- wash and placed in an oven to dry and become heated before 
pouring the melted metal for the gun, in order that the exterior should 
not cool too rapidly. This clay-wash is made by mixing three parts of 
ground fire-brick with one part of German or English fire-clay, and 
adding a sufficient quantity of water. When nearly ready to cast the 
gun, the chill was removed from the oven and taken to a place near the 
ftimaces where the crucibles were heating. A " clay-mold," G" in length, 
whose interior dijimeter was also G", was added to the height of the 
sinking-head, in order to avoid getting cinders in the metal near the 
breech of the gun. The chills were so made that the gun was cast muz- 
zle downwards. 

8. The furnaces. — (Fig. 2, plate 47.) These were iron cylinders, about 3' 
bi|;h and 2' in diameter, lined with fire-brick. Tliey are technically 
<*.alled " pots." A high chimney furnished the draught. The gun being 
a small one, it was unnecessary to use a reverberatory furnace, since 
three crucibles (Fig. 3, plate 47) w^ould hold the requisite amount of 
metal. The crucibles w^ere pla<ied in the " pots" and the metals for the 
alloy melted without difficulty. The fuel used was Lehigh coal, with 
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broken charcoal put over the metal in the crucibles. The condition of 
the furnaces or " pots ^ was such that only two of those in the new 
foundery could be used. The third crucible had to be heated in a "pot" 
about forty yards from the others. The isolated "pot" had a less effi- 
cient chimney. 

9. CJiarging the crxieihles, — ^The metals used were Lake Superior copper 
and German tin. Both of these metals were in the fonn of ingots. The 
copper ingots weighed from 12 to 13 pounds each. The metals were 
carefully weighed and placed in the crucibles, as stated in the table given 
below. The tin was removed when the crucibles were placed in the fur- 
nace and added subsequently. The proportions of the two metals used 
were as follows: 

Copper 92 per cent. 

Tin 8 percent. 

The calculated charge was : 

Copper 333.96 lbs. 

Tin 29.04 lbs. 

Total 363.00 lbs 

Actual charges, 

\ In cmcible. i 

Metal. ! TotaL 

I No. 1. No. 2. I No. 3. ] 



IAt». 02*. 

Copper I 120 00 



Lbs. oz».\ Lba. ozg. Pound*. 
120 00 I 94 00 334 



Tin I 10 7 I 10 7 8 2| 29 



Total charge ' 863 

10. Time of melting^ dkc, — The fires were lighted under all the crucibles 
at 11 a. m. The copper in Xos. 1 and 2 was all melted at 3.15 p. m., 
while that in No. 3, though a less charge, was not melted on account of 
a defective draught or some other cause. This necessitated the holdijig 

. back of Nos. 1 and 2. The charge of No. 3 was finally melted at 4 p. m. 
On examination, it was found that the metal in No. 2 was not quite hot 
enough. At 4.15 j). m. the tin was added to the melted copper in the 
crucibles. The ingots of tin were immersed in the melted copper and 
stirred up thoroughly as it melted to prevent oxidation. 

11. Casing. — When ready for casting, crucible No. 3 was lifted from 
the "pot" and carried through the open air to the room where Nos. 1 
and 2 were situated. The pouring ladles were (Fig. 4, plate 47) at hand, 
filled with burning charcoal, to keep them hot. When all wa^ ready, 
crucible No. 3 was emi^tied into ladle No. 1, but not tilling it, crucible 
No. 1 was hoisted out and the ladle tilled from it. Ladle No. 2 was then 
filled with what remained in crucible No. 1 and the contents of No. 2. 
As soon as both ladles were ready, their contents were, in succession, 
ponred directly into the chills, filling the cavity to the top. The giui 
was cast at 4.40 p. m. From unskillful manipulation a good many cin- 
ders and a good deal of scoria found a passage into the chills. Tlie 
coasting was taken from the chills at 7 to 7.30 a. m. the next morning, 
and weighed, in a rough state, 363 pounds with the riser. The above 
weight, 363 pounds,' was given by Mr. E^ed, the superintendent in 
charge of the foundery. This first casting was made on October 1, 
1877. When the gun came to be turned, it was discovered that the 
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metal or alloy had not been hot enough when poured, and that char- 
coal cinders had entered with the molten metal and appeared all along 
the chase and breech. This casting was rejected. An attempt was 
now made to prepare a runner-box or recepta^cle for the metal which 
should be self-skimming. This was accomplished by placing on top 
of the sand flask a runner-box having near one side a '1" hole pierced 
through the bottom to allow the lii^uid metal to pass, and on the other 
side a cup or bowl into which this metal was first poured. A partition 
a few inches in height separated the two compai'tments. 

Second casting. 

Mode of pouring, — The runner box being placed in position upon the 
flask, the melted metal, in ladles, was then poured, at first slowly, into 
the cup-shaped receptacle until it rose to the top of the partition and ran 
over it. The partition was intended to arrest the scoria in the first 
instan ts of the casting until enough metal ran over to fill the two-inch hole 
and rise above it a sufficient distance to preclude any chance of the scoria 
or cinders getting through the bottom orifice. When the operation had 
proceeded thus far, all that was necessary was to pour fast enough to 
keep the meta,l from falling so low as to permit the residuum to i)as8 
before the flask was filled. 

Notwithstanding these precautions enough cinders passed into the 
chills and lodged in the trunnion holes on top (in rear of) of the trunnions 
to reject this casting also. It was then decided to cut away 0".375 of 
the metal in the chills in rear of the trunnions where this lodgment had 
occurred. This would allow a small lodgment of cinders, &c., without 
injuring the soundness of the casting. 

A third and successful trial was then made. Below are given the 
chai'ges and dates of the recastings, and a rhume of the first trial. 

First casting. 

Date: October 1, 1877. 

Fonnds. 

Charee: Copper 334 

^ Tii^!., \ 29 

Total 3«3 

Weight of rough casting, 363 pounds (Eeed). 

Second casting. 

Date: October 4, 1877. 

Charge: First casting, weight 363 pounds. 
5o metal used except the previous casting. 

Third casting. 
Date : October 8, 1877. 

Pounds. 

Charge: Metal from second casting 319 

Copper, ingot 17 

Tin, ingot 2.9 

Total charge :<i^.9 

Weight of rough casting 329 

Weight of finished gun hored out to 2 inches caliber 137 
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Of the 2.9 pounds of tin added to the charge for this casting, 1.4 
pounds was the proportion to be added to the 17 pounds of new copi)er, 
and 1.5 pounds was about one-half of 1 per cent, of the weight of metal 
used from second casting. This was added to supply the amount of tin 
assumed to be lost by oxidation in the two previous castings. 

In the third trial the fire was lighted at 10.30 a. m. ; metal all melted 
at 2.30 p. m. ; tin added at 2.30 p. m. ; gun cast at 3 p. m. 

The gun was turned, bored, and finished in the usual manner. 

11. beo:n^ze gun b. 

Caliber: 2 inches = 5.08 centimeters. 

(Plate IV.) 

This gun is of the same general form as gun A, but is much smaller 
and lighter. It also was made by tlie South Boston Iron Company. 
This piece was cast in chills, muzzle downward, and finished in a similar 
manner to gun A. The cast-iron chill was 4 inches longer than the 
length of the gun including the cascabel. A clay mold 8 inches in 
length was added above the chill to increase the height of the ''riser," 
or sinking-head. 

Details of casting. 
Date: January 11, 1878. 

Poanda. 
Charge of metal 160 

Lake Superior copper, 92 per cent 147.2 

German tin, 8 per cent 12. H 

Total 160.0 

Fire lighted in furnace at 8. 30 a. ni. 

Copper charged 9. 30 a. ni. 

Copper melted 1.30 p. di. 

Tin added 2. 00 p. m. 

Gun cast .* 2. 45p. lu. 

Weights. 

Pounds. 

Weight of rough casting 156. (N) 

Weight of "riser" 40.25 

Weight of gun-casting 115.75 

Weight of gun. 

Specific gravity of aHoy, assumed 8.7 pounds. 

Theoretical weight of gun 53. 279 -|- 

Actual weight of gun 54.25 

Preponderance 1.0 

1. Specimens for testing. 

(Plate III, Figs. 2, 3, and 4.) 

These were fonr in number, as in the preceding case, and were taken 
from the "riser'' or sinking-head, just in rear of the cascabel. They 
were of the same size and form, and occupied the same relative positions 
in the casting as did the specimens from gun A. The heads of each speci- 
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men were marked with the letters B and H, together with its serial num- 
ber; No. 4, as in the previous instance, being the number of the axial 
specimen. The letter B was cut on the top of the gun, between the 
trunnions. 

Below will be found a tabulated statement of the results obtained by 
the testing-machilie. These tests were made by Mr. Kichards, engineer 
of the Colt Company. For further details see his appended report. 

Tests of metal from sinking-head of hronze-gun B. 



Te«t-nambeT of specimen . 
Original mark 



Diameter of minimum cross-section. J AJt^ftuctilre 

Area of minimum cross-secjtlon ^ Aftei°^cture." .' 

Diatence between gaugo-marts \ AVSstont'of ft-acVe 

Grvtatest observed stress sustained witbout set 

Breaking stress 

X.imit of elastic resistance 

Ultimate reaistanoo (tenacity) 

(rrtMitest reduction of cross-section per cent 

Ultimate elongation between gauge-marks. . .per cent 



B. H. 1. 



0.798 
0.66 
0. 500 
0.342 
3.50 
4.69 
6000. 
20820. 
12UO0. 
41640. 
31.6 
34.0 



B. H. 2. 



B. H. 3. 



0.798 


0.798 


0.67 


0. 665 


0.500 


0.500 


0. 352 


0.347 


3.50 


3.50 


5.02 


4.95 


5500. 


6500. 


21900. 


21920. 


11000. 


13000. 


43800. 


43^40. 


29.6 


30.6 


43.4 


41.4 



940. 



B. H. 4. 



0.798 
0,73 
0.500 
0.418 
3.50 
4.07 
4500. 
16860. 
9000. 
33720. 
16.4 
16.3 



Dimensions and areas are given in inches, stresses in pounds, and re- 
sistances in pounds per square inch of the original cross-section of the 
specimen. 

2. Nomenclature. 



A — Breech. 

B — First reinforce. 

C — Second reinforce. 

D— Chase. 

E — Chamber. 



F— Bore. 
G — ^Trunnions. 
H — Cascabel. 
V— Vent. 



3. Notation and dimensions. 

D = diameter of first reinforce = 4 

di = diameter of chase = 3. 

dsi=diamet.er of bore = 2 

d^=dtameter of trunnions = 1. 

^4;= diameter of cascabel = 1. 

Diameter of vent = 0. 

R = radius of breech = 2 

r =radiu8 of chamber = 1 

ri= radius of chase = 1. 

li =length of first reinforce = 8 

7.2 =length of second reinforce = 1 

Irt = length of chase = 9 

/4=length of bore, exclusive of the chamber ^ 17 

Z5=length of trunnions = 1. 

in = length of cascabel = 1. 

Pi, t?2, Ta, &c.,= volumes of breech, first reinforce, «fec., in cubic inches. 

JCi, x>ij x<j, 4&c.,= distances of centers of gravity of breech, first reinforce, 
plane of reference. 



inches. 
5 inches. 

inches. 
75 inches. 
5 inches. 
2 incli. 

inches. 

inch. 
75 inches. 

inclies. 

inch. 

inches. 

inches. 
5 inches. 
5 inches. 



&c., from 



4. Calculations. 

a. Volumes. 

A. Breech — ^hemispherical: 
Volume = i D3 X .5236 = i .64 x .5236 = t?i = 16.7552 cubic inches. 
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B. First reiilforce — cylindrical : 

Volume = D* X .7854 x Z, = 16 x .7854 x 8 = rj =100.5312 cubic inches. 

C. Second reinforce — frustum of cone : 

Volume = J 72 X .7854 x (^^^ - dj^\ ^ 3333 ^ .7854 x ( ^\}^^ ^i = 1-3= 

11.0599 + cubic inches. 

D. Chase — cylindrical: 

Volume = di^ x .7854 x ^3 = 12.25 x .7854 x 9 = r, = 86.5903 + cubic 
inches. 

E. Chamber — ^liemispherical : 

Volume = i ^2^ X ^5236 = J .8 x .5236 = — rj = 2.0944 cubic inches. 

F. Bore — cylindrical: 

Volume = (^2* X .7854 x 7, = 4 x .7854 x 17 = — t?6 = 53.4072 cubic 
inches. 

G. Trunnions — cylindrical: 

Volume = 2 X ^3^ X .7854 x /j = 2 x 3.0625 x .7854 x 1.5 = r, = 7.2158 + 
cubic inches. 
H. Cascabel — cylindrical: 
Volume d,^ x .7854 x /g = 2.25 x .7854 X 1.5 = re = 2.6507 cubic inches 

Weight, 

Cubic inches. Cubic inchoa. 

Vi = 16.7552 — 1?5 = — 2.0944 

r, = 100.5312 -t?6= -53.4072 



rg = 11.0599 - 55.5016 

r, = 86.5903 



214.93(>6 = volume of gun less trunnions and cascabel. 
— 55.501(5 = volume of chamber and bore. ' 



159.4350 = volume of metal less trunnions and cascabel. 
r^ = 7.2158 = volume of metal in tninnions. 

re = 2.6507 = volume of metal in cascabel. 



V = S{r) = 169.3015 = whole volume of metal in gim. 

w = 0.3147 pounds avoirdupois = weight of one cubic inch of bronze, 

whose specific gravity is 8.7. 
Hence W = V x w = 169.3015 x .3147 = 53.279 + pounds = weight of 

gun. 

6. Center of gravity. 

Assuming the plane YZ, the plane of reference, to coincide with the 
base of the l)reech, and the axis of X to coincide with the axis of the 
bore, then, since the volume is symmetrically disposed in regard to this 
axis, the center of gravity of the gun will be given by the formula — 

X = ^h^^ -t ^'* ^* + ^3 '^3 + ^^^*- 

Vi + i\ f ^3 + <^<5. 

in which 

X = the distance of the center of gravity of the gun from 
the plane of reference, and 
ri, r2, &c. =r the elementary volumes; 

iTi, X'iy &c. = the distances of their respective centers of gravity from 
the plane of reference. 
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All distances estimated toward the right from the plane YZ are re- 
gaixled as positive; all estimated toward the left from this plane are 
regarded as negative. 

The volumes of all cavities (such as the bore and chamber) are con- 
sidered as negative. 

The volumes of the trunnions are omitted in this calculation, since 
they are symmetrically disposed about a line passing through the center 
of gravity of the gun, and perpendicular to the axis of the bore. 

The cascabel is omitted on account of its small size. Its weight is 
insignificant . 

COMPUTATION. 

Values of jpi, Xt^ X3, &c. 
For— 

A. Breech — ^hemisphere: 

;ri=fR = f.2'' = -.0".75. 

B. First reinforce — cylinder: 

C. Second reinforce — ^frustum of cone: 

= 8'' + ''.25(^-:^--i^^^^^ = 8" + 0".4778 + 

V 10.0020/ 

. -.jTars 8^4778 + 

D. Chase — cylinder: 

x^ = 8" + 1'' + i Zs = 8" + 1" + J . 9" = 13".5. 

E. Chamber — ^hemisphere: 

iTs = 1" - 1 r = V - 0".375 = 0".625. 

F. Bore — cylinder: 

x^ = 1" + J ^4 = 1" + J . W = 1" + 8''.5 = 9".5. 

Substituting the values of t'l, rj, &c., and x^^ x^^ &c., in equation, we 
have — 

^ nt.7SWX— 0^^75)-HM00 5318 X 4'^ -t-() 1.0a99x y^^7y«; + (8fl. 59 03 ><13".5) -f-(—8 . 09U )tO^'.6t5 )-i-f-M. 4072 ?<9''.a 

1&7658+ UM. 5312 1 ll-059»+8&!«03— 2.0944—53.4071. 

or, 

^ = J^lSl- = '"'^''^ + «^y ^ = ^"-^ = 

distance of center of gravity from the plane of reference. 
III. BEONZE GUN C. 
Caliber: 2.5 inches = 6.35 centimeters. 

(Plate V.) 

The exterior of this gun is divided into four principal parts, viz, the 
breech^ the^r«t reinforce^ the second reinforce^ and the chase. 
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The breech is a hemisphere whose radius is equal to the semi-diameter 
of the first reinforce. 

The first reinforce is cylindrical, and extends from the base of the 
breech to a point in front of the axis of the trunnions. 

Tlie second reinforce is a short frustum of a cone, joining the first 
reinforce to the chase. The latter is cylindrical, and is of a lesser diam- 
eter than the first reinforce. 

The chase is terminated in front by the face of the piece without any- 
swell of the muzzle or muzzle-band. The cascabel and trunnions are 
short cylinders. 

The rimbases unite with the exterior surface of the gun by tangent- 
curv ed surfaces. 

The vent piece is of copi)er. Tlie vent is perpendicular to the axis of 
the bore, and is 1.25 inches (= 3.175 centimeters) from the bottom of 
tlie bore. 

The bore is cylindrical, and is terminated at its lower extremity by a 
hemispherical chamber, by which term it is proposed to designate the 
bottom of the bore. 

1. Details of casting. 

This gun was cast in the chill made for casting gun A. 

Three castings were made before a satisfactory gun ingot was obtained. 

First casting. 

Date: March 23, 1878. 

Poands. 
Charge of metal 35<) 

Lake Superior copper 90 per cent 315 

German tin 10 per cent 35 

Total 350 

Fire lighted in furnace at 6.30 a. m. 

Copjier cliarged 7.00 a. m. 

Copper melted 9.30 a. m. 

Tin added 9.55 a.m. 

Gnn cast 10.40 a. ni. 

Amount of coal used 250 pounds. 

Three crucibles were used in melting the charge: two "Ko. 60" cruci- 
bles, containing 99 pounds of coi)per and 11 pounds of tin, each; and 
one " No. 70," containing 117 pounds of copper and 13 pounds of tin. 

Weights. 

Pounds. 

Weight of rough ingot 347 

Weight of '* riser ^' 117 

Weight of rough casting i - 230 

This ingot was rejected on account of being porous at the breech. 

Second casting. 
Date: March 28, 1878. 

Pounds. 

Charge of metal from former casting 345 

Weight of rough ingot 338 

Casting rejected, porous around trunnions. 
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Third Cdstin^. 
Bate : March 30, 1878. 

Poiinilft. 

Charge of metal from preceding cadtiDg 338 

Lake Superior Ingot copper 13.5 

German tin, ingot 1.5 

Total charge 353.0 

Fire lighted in furnace at 7 a. m. 

Copper charged at 8 a. m. 

Copper melted at « 11 a. m. 

Gun cast at 11.30 a. ui. 

Weights. 

Ponnds. 

Weight of rough casting 347 

Weight of finished gun 108.25 

Preponderance 1.5 

A few spots of tin showed on the exterior surface of the gun just in 
fix)nt of the right trunnion. 

This gun is marked with the letter C on its upper surface between the 
trunnions. 

2. Specimens for testing. 

(Plate III, Figs. 2, 3, and 5.) 

The specimens for testing were similar to those for the preceding guns. 
The marks on the heads of the specimens are given in Fig. 5, Plate III. 

For details of the tests in this case, see appended report of Mr. C. B. 
Eichards. 

3. ITOMENOLATUBE. 



A — Breech. 

B — Firat reinforce. 

C — Second reinforce. 

D — Cha^e. 

E — Chamber. 



F— Bore. 
G — Trunnions. 
H — Rimbases. 
I — Cascabel. 
V— Vent. 



4. Notation and dimensions. 

D=diameter of first reinforce = 5.5 inches. 

di =diameter of chase = 4.5 inches. 

<i}=diameter of bore = 2.5 inches. 

rf,== diameter of trunnions - = 2 inches. 

d4=diameter of rim1)a8es [true diameter=2".8], assumed 3 inches. 

<ii=diaraeter of cascabel = 1.5 inchw. 

R=radiu8 of breech = 2.75 inches. 

r =Tadius of chamber = 1.25 inches. 

r'=radius of chase = 2.25 inches. 

Zi=length of first reinforce = 8.50 inches. 

75=len^h of second reinforce = 2 inches. 

/•,=length of chase = 9.5 inches. 

/, =length of bore exclusive of the chamber = 18.75 inches. 

i^:=length of trunnions = 2 inches. 

2^= length of rimbases = 0.1 inches. 

/7=l€ngth of cascabel = 1.5 inches. 

Pi, f«i »3, &c.,=volumes of breech, first reinforce, second reinforce, &c., in cubic 
inches. 

Xx, Xij Xnt &c.,= distances of centers of gravity of breech, first reinforce, second 
reinforce, &c., from plane of reference. 
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5. Calculations. 
a. Volumes. 

A. Breech — ^hemispherical : 

Volume = i D' X .5230 = i 16G.375 x .523G = tJi = 43.557 cubic inches. 

B. First reinforce— cylindrical : 

Volume = D^ X .7854 x ^i = 30.25 x .7854 x 8".5 = t?, = 201.9458 cubic 
inches. * 

C. Second reinforce — ^frustum of cone : 

Volume = ik X .7854 .(^^^l\ = .6666 x .7854 x 75.25 = t?3 = 39.401 
cubic inches. 

D. Chase— cylindrical : 

Volume =(?!* X.7854 x Z^^ 20.25 x.7854 x 9".5 = t?,= 151.0916 cubic inches. 

E. Chamber — ^hemispherical : 

Volume = i .df,3 x .5236 = J . 15.625 X .5236 = — 1?5 =« 4.0906 + cubic inches. 

F. Bore— cylindrical : 

Volume = <«,» X .7854 x Z, = 6.25 x .7854 x 18".75 = - i?6 = 92.0391 + 
cubic inches. 

G. Trunnions (2) — cylindrical : 

Volume = 2 . (7t,« X .7854 x /j = 2 x 4 x .7854 x 2". = r^ = 12.5664 cubic 
inches. 

H. Kimbases (2) — assumed cylindrical : 
Volume = 2rf/ x .7854 x Ig = 2 x 9 x .7854 x O'M = i?8 = 1.4137 + cubic 
inches. 

I. Cascabel — cylindrical: 
Volume =d^^ x .7854 x 1".5 = 2.25 x .7854 x 1.5 = tJg = 2.6507 + cubic 
inches. 

Weight, 

Cnbio inches. Cubic inches. 

r,= 43.5570 - r6= 4.0906 

1^, = 20L9458 - te = 92.0391 

U3= 39.4010 

t'4 = 151.0916 - 96.1297 
V7= 12.5664 
vs= 1.4137 
r^= 2.6507 



-h 452.6262 = total volume of pfun. 

— 96. 1297 = volume of bore and chamber. 



V= 2 (r) = 356.4965 =r total volume of metal in gun. 

IP = 0.3147 pound avoirdupois = weight of one cubic inch of bronze whose 
specific ffravitv is 8.7. 
Hence V X ic = 356. 4935 cubic inches X 0. 3147 = 112. 1896+ pounds = weight of gun. 

&. Center of gravity. 

Making the same assumptions and using the same notation, and, in 
addition, omitting the volumes of the rimbases, the center of gravity is 
found in a similar manner to that of gun B. 
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COMPUTATION. 

Values of j?i, a?2, x^y &c. 
For— 

A. Breech — ^hemisphere: 

iTi = f E = |. 2".75 = - 1".03125. 

B. First reinforce — cylinder: 

j-^ = J.^, =J.8''.5 = 4".25. 

C. Second reinforce — firustum of cone : 

- 8" >-. 4. + 2" /^l«''>.18 7o + 12.375 + 7.56 25^ _ 
_ » .o + i . ^ .U (^ 7.5G25 + G.1875 + 5.0025y " 

= 8".5 + O".5(^?5'l?o?^ = ^"-5 + 0".9335 = 9".4335 + 

.•.ar3 = 9".4335 + 

D. Chase — cylinder: 

x^ = 8".5 + 2".0 + Ha = 3''.5 + 2".0 + i, 9''.5 = 15'^25. 

E. Chamber — hemisphere: 

a?5 = 1".25 - f r = 1".25 - (F'.46875 = 0".78125. 

F. Bore — cylinder: 

x^ = l".2r) + J . ^4 = 1".25 + J . 18''.75 = 10".62r>. 
Substituting the values of ^i, v%y &c., and a?i, xi, &c., in the general 
formula, we have — 

f4aa77x — l«^Oai<ft)+ »0l.9458x 4^Mft ) 4- [39.401 x9//.4335j-f-<l61.09l8x I.V'.25 J4- — 40 906x0//. 781 85 J-f -92.0391 v l(V>.« aa. 

■* I 4-*15.VH-«)1.94M4-3y.401+151.U»IO-4.U906-9JL(*a9l 

or, 

2407.6883 _„„34Q 

say iTi = + 7'^35 = distance of center of gravity from the plane of refer- 
ence. 



CHAPTER II. 

LIFE-SAYING PROJECTILES. 

The experimental projectiles, both rifle and smooth bore, are numbered 
in one series, corresponding to the order in which they were made. This 
series comprises projectiles of all calibers made for the experiments. 

Section I. RIFLE PROJECTILES.* 

L EXPERIMENTAL PROJECTILE No. 1. 

(Plate VL) 

This is a cast-iron projectile and was finished when received. It was 
one of a lot of similar projectiles prepared under the direction of the 
Ordnance Board for like experiments. 

* These projectiles were used with 3-inch M. L. rifled mortar. 
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It is cylindrical, with sphero- segmental head. This shot is cast with 
a core, which leaves a hole through the shot from end to end. This hole 
is cylindrical for 2". 5 from the base ; at which distance there is an annular 
shoulder ".25 wide, whose outer circle forms the smaller base of the frus- 
tum of a cone, in which the hole is continued to the head of the shot. 

The cylindrical part of this axial cavity is 2".5 long and ".6 in diame- 
ter ; the conical (a frustum) part is 10".75 long, with diameters of I'M 
and 1".3 at the smaller and larger ends, respectively. The base of this 
frustum is at the head of. the shot. A straight groove, ".6 wide and ".5 
deep, runs the whole length of the shot and is parallel to the axis. The 
bottom of this gixK)ve is circidar. 

A radial slot 1" deep and ".6 wide connects the longitudinal groove 
with the axial cavity. 

The rifled motion is given by two rings of copper or brass studs, three 
in each ring. The distanc^e between the two rings of studs is 6^.25, and 
the rear ring is situated 3".15 from the base of the shot. The studs are 
radial, and are screwed, iuto the shot. 

The bearing edges of the studs are filed parallel to the line joining 
their centers. Within the axial cavity are contained a rubber plug and 
a lead washer, through both of which the cord or line to be projected 
passes. The opening at the head of the shot is closed by a sheet-iron 
cap. This cap consists of a cylindrical body, on one end of which is 
brazed a circular head. The head, from its greater diameter, projects 
as a flange, which latter is curved downwards so as to embrace the point 
of the shot. The body has a hole pierced in one side to receive the screw 
which holds the ctip in place when the shot is fired from the piece. This 
screw passes through tlie wall of the shot near the front end of the lon- 
gitudinal groove, and its heiul is countersunk in tlie metal at the bottom 
of this groove. 

1. Weights, dimensions, &c. 
Projectile. 

Total length 13.25incheR. 

Diameter of body v 2.94 inchee. 

Diameter of botly over stads 3. 12 inches. 

Radius of head 1.47 ineheH. 

Distance of center of gravity from base 6.30 inches. 

Distance of fii-st row of stnds from base 3. 15 inches. 

Distance between first and second row of studs 6. 25 inches. 

Number of studs 6 

Number of studs in each row :. 3 

Height of studs 0.09 inch. 

Width of studs 0.69 inch. 

Front stud to right of rear stud ( both for same groove) 0. 5 inch. 

Angle due to one turn in 10 feet 4^ SO' 

Weight, about 18 pounds. 

2. Cap (sheet-iron). 

Body — Diameter 1.28 inches. 

Length 1.2 inches. 

Head — Diameter 1.7 inches. 

3. Washer (lead). 

Diameter 1. inch. 

Thickness 0.25 inch. 

Diameter of hole 0.5 inch. 



Digiti 



ized by Google 



UNITED STATES LIFE-SAVING SBEVICE. 57 

4. EUBBER PLUGS. 

Diameter — Greatest 1.2 inches. 

Least ' 1.07 inclies. 

Len^h : from 2 iuclies to 6 inches. 

Diameter of longitudinal hole ' 0.5 inch. 

5. Marks. 

Only two of these shot were made and finished. They are marked on 
one of the rear studs C. 1 and C. 2, respectively. 

II. EXPERIMENTAL PROJECTILE No. 2. 

(Plate YII.) 

This projectile is of the same generalform as the preceding one. It 
differs only in the weight, and in the details of its dimensions and con- 
struction. The metal is cast iron except the studs, which are of brass. 

The following table and the drawings are sufficiently explanatory. 

1. Dimensions, weight, &c. 

Total length 10.3 inches. 

Diameter of body - 2.94 inches. 

Diameter of body over studs 3.14 inches. 

Kfulius of head 1.47 inches. 

Distance of center of gravity from base 5. inches. 

Distance of first row of studs from base 2.50 inches. 

Distance between first and second row of studs 5. inches. 

Number of studs 6 

Number of studs in each row 3 

Height of studs 0.10 inch. 

Width of studs 0.69 inch. 

Front stud to right of rear stud (both for same groove) 0.40 inch. 

Angle due to one turn in 10 feet 4° 30'. 

Longitudinal groove for short line — Length Length of shot. 

Width* 0.40 inch. 

Depth* 0.37inch. 

Axial cavity — Cylindrical portion, diameter of 0.60 inch. 

Counterbore, front end, diameter of 1. inch. 

Counterbore, front end, length of 2. inches. 

Weight 16 pounds. 

2. Cap. (sheet-ibon.) 

Body — ^External diameter 1. inch. 

Length 1.1 inches. 

Head, diameter of 1.3 inches. 

3. Washer, (brass.) 

Diameter 1. inch. 

Thickness 0.15 inch. 

Diameter of hole 0.3 inch. 

4. Marks. 

Two shot of this pattern and size were made. They are marked on 
the rear studs as follows, viz : one, C. L. 3 ; the other, C. L. 4. 

* The radial slot in the base has the same width and depth. 
5 AP 
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Section IL SMOOTH-BORE PROJECTILES. 
I. 3-IKCH SMOOTH-BOEE PROJECTILES. 

1. EXPEBrMENTAL PROJECTILE NO. 3.* 

(Plate YIII.) 

This is an elongated sdlid, cast-iron smooth-bore projectile.. In form, 
it is cylindro-ogival with a frustum of a cone for its base. The radius 
of the ogival head is equal to the diameter of the shot. 

The edges or angles about the base are slightly rounded. 

A ahankj or eye-bolt, of wrought iron is screwed into the base of the 
projectile to serve as a point of attachment for the shot-line. 

1, Dimensions, 

Total len^h 13.8 inches. 

Leu^h of ogival head 2.6 inches. 

Radius of head 3. inches. 

Length of cylindrical part - 9.9 inches. 

Diameter of cylindrical part 3. inches. 

Length of frustnm 1.3 inches. 

Diameter of smaller base of frustum 1.7 inches. 

Shank: Total length 2.7 inches. 

Length of screw 1.5 inches. 

Diameter of screw 0.5 inch. 

I^ength from plane of base 1.2 inches. 

Distance from base to center of eye-hole 0.7 inch. 

Diameter of eye-hole ". 0.4 inch. 

Width at eye 1. inch. 

Thickness at eye 0.4 inch. 

Diameter of neck 0.625 inch. 

Weight, about 22 pounds. 

2. Maries. 

Two of these shot were made and marked as follows: first, C. 5; sec- 
ond, C. 6. 

2. EXPERIIMENTAL PROJECTILE Ko. 4. 

(Plate IX.) 

The form and dimensions of the body of this shot are identical with 
those of "experimental projectile Ko. 3 " (which see). The only difler- 
ence is in the shank. The details of this projectile are fully shown in the 
drawing. 

1. Dimensions of shanJcj &€, 

Total length of shank, including screw 11.5 inclies. 

Length of screw-thread 1.5 inches. 

Diameter of screw 0.5 inch. 

Length of shank 10. inches. 

Diameter of shank 0.625 inch. 

Diamet'Or of eye-hole 0.4 inch. 

Width at eye-hole 1. inch. 

Thickness at eye-hole 0.4 inch. 

Distance from plane of base to center of eye 9.5 incliea. 

Distance of center of gravity from plane of base 5. 97 inclies. 

Weight, about * 22 pounds. 

*This and the two succeeding i)rojectiles were made for 3" M. L. rifled mortar. 
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2. Marks. 
One shot, marked C. 7. 

3. EXPEBIMENTAL PROJECTILE Xo. 5. 

(Plate X.) 

This shot also differs from No. 3 only in the length and details of the 
shank. 

1. Dimensions ofshanJcj &c. 

Total length of shank, including screw 7.5 inches. 

Length of sere w-tlirear<cL 1.5 inches. 

Diameter of screw 0.5 inch. 

length of shank 6. inches. 

Diameter of shank 0.625 inch. 

Diameter of eye-hole 0.4 inch. 

Width at eye-hole 1. inch. 

Thickness at eye-hole 0.4 inch. 

Distance from plane of hase to center of eye 5.5 inches. 

Di.stance of center of gravity from plane of base 6. 2 inches. 

Weight, aboat 22 pounds. 

2. MarJcs, 

Two shot made, marked, respectively, C. 8 and C. 9. 

4. Experimental projectile ISTo. 17.» 

(Plate XI.) 

This is a cast-iron projectile whose body has the same form and dnnen- 
sioDS as '* experimental projectile No. 3.^ The shank, however, is differ- 
ent, being longer, and having the portion which screws into the shot 
much larger. For convenience all the dimensions are here given. 

1. Dimensions. 

Totallength 13.8 inches. 

I-4m^h of ogival head 2. 6 inches. 

Kadmsof head 3. inches. 

length of cylindrical part 9.9 inches. 

Diameter of cylindrical part 3. inches. 

1-^ngth of fiiistum 1.3 inches. 

IHameter of smaller base of frustum 1.7 inches. 

J>hank: Totallength 6.5 inches. 

Length of screw 1.5 inches. 

Diameter of screw 1. inch. 

Length from plane of base 5. inches. 

Distance from base to center of eye-hole 4. 5 inches. 

Diameter of eye-hole 0.4 inch. 

Width at eye 1. inch. 

Thickness at eye 0.4 inch. 

Diameter of neck 0. 625 inch. 

Weight, about 23 pounds. 

2. MarJcs. 

Five of these shot w^ere made, and marked serially from C. 10 to C. 14, 
both inclusive. 

• This form used with gun "A" bored to a caliber of 3 inches. 
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II. 2-mCH SMOOTHBORE PEOJECTILES. 

These projectiles were fabricated for use in connection with expen- 
mental bronze gun "A/' which was first bored out to a caliber of 2 inche>s. 

1. EXPERI3IENTAL PROJECTILE No. 6. 

(Plate XII.) 

This 2-inch shot is made of solid wrought iron. It is cylindro-ogival 
in form. The base is the frustum of a cone. The radius of tlie head is 
equal to one diameter of the shot. It has a wrought-iron shank like the 
3-inch smooth-bore projectiles, to which it is similar in all respects except 
in material. 

1. Dimefmom. 

Total length 13. inches. 

Length of ogival head 1.73 inches. 

Radius of head 2. inches. 

Length of cylindrical part 10.27 inches. 

Diameter of cylindrical part 2. inches. 

Length of frustum 1. inch. 

Diameter of smaller hase of frustum 1. incb. 

Shank: Total length 6.5 inches. 

Length of screw 1.5 inches. 

Diameter of screw 0.5 inch. 

Length fi-om plane of bcose 5. inches. 

Distance from base to center of ej-e-hole 4.5 inches. 

Diameter of eye-hole ..., 0.4 inch. 

AVidth at eye 1. inch. 

Thickness at eye 0.4 inch. 

Diameter of neck 0.625 inch. 

Distance of center of gravity from base 6.22 inches. 

Weight, about 10 pounds. 

2. Marks. 
One shot made, marked LL. 1. 

2. EXPERrVIENTAL PROJECTILE Ko. 7. 

(Plate Xni.) 

The body of this one is the same as the preceding, but the shank dif- 
fers somewhat. All the dimensions of the body are identical with those 
of 'So. 6. 

1. Dimensions ofsJiayiky &c. 

Total length 3.5 inches. 

Length of screw 1.5 inches. 

Diameter of screw 0.5 inch. 

Length from plane of base ^ 2. inches. 

Distance from base to center of eye-hole 1.5 inches. 

Diameter of eye-hole 0.4 inch. 

Width at eye 1. inch. 

Thickness at eye 0.4 inch. 

Diameter of neck 0.625 inch. 

Distance of center of gravity from base 6.25 inches. 

Weight, about 10 pounds* 

2. Marks. 
Two shot, LL. 2, and LL. 3. 
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3. EXPEHIMENTAL PROJECTILE 'So. 8. 

(Plate XIY.) 

This shot has the same exterjor form and dimensions as Xo. 6. The 
body is made of cast iron. A cylindrical cavity, whose axis is coincident 
with that of the shot, is bored out and filled with lead. This cavity oc- 
cupies about two-thirds of the length of the projectile, and is drilled 
from the head or front end. A plug of wix)ught-iron screws into the 
open end, closing the cavity and forming the point of the shot. The 
shank, or eye-bolt, is of wrought kon. The details of construction are 
» given in the drawings. 

1. Dimensions, 

Total length 13. inches. 

Len^h of ogival head 1.73 inches. 

Radiufl of head 2. inches. 

Length of cylindrical part 10.27 inches. 

Diameter of cylindrical part 2. inches. 

Length of fniiatnm 1. inch. 

Diameter of smaller hasc of frustum 1. inch. 

Point of ijrojectile — Total length ^ 1.53 inches. 

Head (ogival): Length 0.53 inch. 

Diameter of base 1.20 inches. 

Body (cylindrical): Length 1. inch. 

Diameter 1.10 inches. 

Axial cavity (cylindrical) : Total length 9. inches. 

Length tilled with lead 8. inches. 

Diameter 1. inch. 

Shank: Total length 6.5 inches. 

Length of screw 1.5 inches. 

Diameter of screw 6.5 inch. 

Length from plane of base of shot 5. inches. 

Distance from base to center of eye-hole 4.5 inches. 

Diameter of eye-hole 0.4 inch. 

Width at eye 1. inch. 

Thickness at eye 0.4 inch. 

Diameter of neck -. 0.625 inch. 

Distance of center of gravity trom base ( " LL. 4") 6.25 inches. 

Distance of center of gravity from base ( ' * LL. 5") 6.38 inches. 

Weight, about 10 pounds. 

2, Maries. 
Two shot made, marked LL. 4 and LL. 5. 

4. Experimental projectile Xo. 9. 

(Plate XV.) 

This is a cast-iron projectile and is cast solid. The exterior is cylindro- 
ogival with a part of the point removed. A groove is planed along one 
side of the shot, parallel to the axis, for the accommodation of the shot- 
Une. A transverse slot is cut in the rear end of the projectile to connect 
the axial cavity with the longitudinal groove. 

The axial cavity is bored out and has the front end counterbored for 
the reception of the brass washer and the knot on the end of the line. 

The cavity is closed in frt)nt by a cap held in position by a side screw. 
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1. Weights^ dimenMonSj &c. 

Total length , 13. inches. 

Diameter of body 1.995 inchea. 

Eadius of head 1.995 inches. 

Distance of center of gravity from base 6.25 inches. 

Longitudinal groove for shot-line : Length Length of shot. 

Width 0.40 inch. 

Depth 0. 35 inch. 

Groove in base for shot-line : Width 0.40 inch. 

Depth 0.35 inch. 

Axial cavity, cylindrical portion : Diameter 0. 60 inch. 

Counterbore, front end : Diameter 1. inch. 

Length 1.50 inches. 

Weight •. 8.75 pounds}. 

2. Cap. {Sheet-iron.) 

Body: External diameter 1.0 inch. 

Length 1.1 inches. 

Head: Diameter of 1.3 inches. 

3. Waslier. {Brass.) 

Diameter 1.0 inch. 

Thickness 0. 15 inch. 

Diameter of hole l. 0.30 inch. 

4. Maries. 

Two shot were made, marked respectively LL. 6 and LL. 7. 

5. Experimental projectile Ko. 13.* 

(Plate XYI.) 

The exterior dimensions of this shot are the same as those of No. 8. 
The shank in tliis instance extends axially through the entire length of 
the projectile. The front end of the shank is so shaped as to form the 
point of the projectile. The entire body of the prqiectile is of lead. Tlie 
body is kept from turning on the shank by flattening the latter and rais- 
ing some barbs on the angles with a cold-chisel. 

1. Dimensions. 

Point of projectile : Length of head 0.8 inch. 

Diameter of base 1.55 inchei*. 

Shank: Total length 18. inehea. 

Length from base 5. inches. 

Distance from base to center of eye-hole 4. 5 inches. 

For other dimensions see " experimental projectile No. 8,*' and plate above cited. 
Weight 14.25pouncU. 

2. MarJcs. 
One shot, marked LL. O. 

6. Experimental projectile !N^o. 14.* 

(Plate XYIL) , 

• This is similar to projectile 'So. 8, from which it differs by having a 
heavier shank, and by having the axial cavity for the lead bored from 

* Made for gun B. 
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the base of the shot. This leaves the head of the shot solid and dimin- 
ishes the labor of manufacture. The dimensions wherein this projectile 
differs from No, 8 are given below. (See '*Ex. proj. Ko. 8.") 

1. Dimensions. 

Diameter of amall base of frastum 1.375 inches. 

Axial cavity: Totallenffth 11.5 iuches. 

Length filled, with lead 10. inches. 

Diameter 1. inch. 

Shank : Diameter (exterior) of screw-thread 1.1 inches. 

Diameter of neck ^ 0. £6^ inch. 

Weight, about 11. pounds. 

2. Maries. 
One shot made, marked LL. 8. 

7. EXPEKIMENTAL PROJECTILE No. 15.» 

(Plate XVIII.) 

This projectile is cylindro-ogival in form, with a frustum of a cone for 
its base. The body is of cast iron. An axial cavity is bored from the 
base nearly the whole length of the shot. Into this cavity melted lead 
is poured and allowed to cool, after which the shank is screwed in. The 
lead increases the weight of the shot without increasing its volume. 

1. Dimensions. 

Total length 15. inches. 

Len^h of ogival head 1.73 inches. 

Radius of head 2. inches. 

Length of cylindrical part 12.27 inches. 

LHameter of cylindrical jiart 2. inches. 

Length of frustum 1. inch. 

Diameter of smaller base of frustum 1.375 inches. 

Axial cavity: Total lencth 13.5 inches. 

Length filled with lead 12. inches. 

Diameter 1. inch. 

Shank: Totallength 6.5 inches. 

L<;ngth of screw-thread 1.5 inches. 

Diameter (exterior) of screw-thread 1.1 inches. 

IfCngth from plane of base 5. inches. 

Distance from base to center of eye-hole 4.5 inches. 

Diameter of eye-hole 0. 4 inch. 

Width at eye 1. inch. 

Thickness at eye 0.4 inch. 

Diameter of neck 0.5625 inch. 

Distance of center of gravity from base 7. inches. 

Weight, a little over 13 pounds. 

2. Maries. 

Six of these projectiles were made and marked, consecutively, from 
LL. 9 to LL. 14, both numbers inclusive. 

HL 2.5.IXCH SMOOTH-BOEE PEOJECTILES. 

These projectiles were fabricated for use with experimental bronze gun 
A, after it was bored out to a caliber of 2.5 inches. 

*MadeforganB. 
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1. Experimental projectile No. 10. 

(Plate XIX.) 

This is a 2.5-iiich projectile made of solid cast iron. The formis cyliii- 
dro-ogival. A frustum of a cone forms the base. 

The radius of the ogival head is equal to one diameter of the shot. 
A wrought-iron shank is screwed into the base, having an eye at its 
posterior extremity for attaching the line. For details of construction, 
see plate. 

1. Dimensions. 

Total lenj^tli ^ 13.3 inches. 

Length of ogival head 2.17 iuches. 

Radius of head •. 2..5 inches. 

Length of cy^lindrical part 10.03 iuches. 

Diameter ot cylindrical part 2.5 inches. 

Length of frustum 1.1 inches. 

Diameter of smaller hase of frustum 1.35 inches. 

Shank: Total length 6.5 inches. 

Length of screw 1.5 inches. 

Diameter of screw 0.5 inch. 

Length from plane of hase 5. inches. 

Distance from hase to center of eye-lioje 4.5 inches. 

Diameter of eye-hole 0.4 inch. 

Width at eye 1. inch. 

Thickness at eye ; 0.4 inch. 

Diameter of neck 0.5625 inch. 

Distance of center of gravity from base 6.3 inches. 

Weight, about 15 pounds* 

2. Marks. 

Two shot made, marked L. 1 and L. 2. 

2. Experimental peojectile No. 11, 

(Plate XX.) 

This is, also, a 2.5-inch projectile, made of solid cast iron. The body 
of this shot has the same form as that of Ko. 10, and difters only in the 
length and weight. 

The ogival head is identical with that of JS'o. 10. The wrought-iron 
shank, or eye-bolt, differs slightly fi^om the one attached to the preced- 
ing shot, in that the screw-thread is shorter and the neck extends into 
the base of the projectile for 0".4 without diminution of diameter. The 
hole in the base is counterbored to accommodate the increased size. The 
details are given in the following table of dimensions and upon the draw- 
ing of the projectile. 

1. Dimensions. 

Totallen^h 14.7 inches. 

Len^h of ogival head 2.17 inches. 

Radius of head 2.5 inches. 

Length of cylindrical part : 11.43 inches. 

Diameter of cylindrical part 2.5 inches. 

length of irustum 1.1 inches. 

Diameter of smaller base of frustum 1.35 inches. 

Total length of hole for shank 1.5 inches. 

Length of female screw 1.1 inches 

Length of counterbore 0.4 inch. 

Diameter of female screw-hole.^ 0.5 inch. 

Diameter of counterbore 0.5625 inch 
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Sliank: Total length. ., 6.5 inches 

Length of screw 1.1 inches. 

Diameter of screw 0.5 inch. 

Length of neck inserted in base of shot 0.4 inch. 

Length from plane of base 5. inches. 

Distance from base to center of eye-hole 4.5 inches. 

Diameter of eye-hole : 0.4 inch. 

Width at eye 1. inch. 

1'hickness at eye 0.4 inch. 

Diameter of neck 0.5625 inch. 

Distance of center of gravity from base 7. inches. 

Weight, about , 17 pounds 

2. Marks. 
One shot made, marked L. 3. 

8. Experimental projectile ISTo. 12. 

(Plate XXI.) 

The length and weight of this projectile are greater than in the pre- 
ceding one. In form and material it is the same. The shanks are also 
similar in every respect. The quantities given in the following table are 
the enly ones in which this shot differs from projectile No. 11. (See plate.) 

1. Dimensions^ (&c. 

Total length 15.7 inches. 

Length of cylindrical part. 12.43 inches. 

Distance of center of gravity from base 7.45 inches. 

Weight, about 18 pounds. 

2. Marks, 
One shot made, marked L. 4. 

4. Experimental projectile Ko. 16.* 

(Plate XXII.) 

This cast-iron shot is similar to ^NTo. 12, but it has a stronger shank. 
The details of form are fully shown in the plate. 

1. Dimensions. 

Total length 15.7 inches. 

Len^h of ogival head 2.17 inches. 

Radius of hea/l 2.5 inches. 

Length of cylindrical part 12.43 inches. 

Diameter of cylindrical part 2.5 inches. 

Length of frustum 1.1 inches. 

Diameter of smaller base of frustum l.;}5 inches. 

Shank: Total length 6.5 inches. 

Length of screw , 1.5 inches. 

Diameter of screw 1. inch. 

Length from plane of base 5. inches. 

Distance from base to center of eye-hole 4.5 inches. 

Diameter of eye-hole 1 0.4 inch. 

Width at eye 1. inch. . 

Thickness at eye 0.4 inch. 

Diameter of neck 0.625 inch. 

Distance of center of gravity from plane of base 7.45 inches 

Weight, about 19 pounds. 

* Made for gun C. 
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2. Marks. 
Nine shot made, numbered, serially, from L 5 to L 13, both inclusive. 
Table of rifle projectiles. 



DimenBiona, &c. 



ExperimenUl 
projectiles. 



No. 1. I No. 2. 



Number of projectiles made . 
CaUber 



' inches 3 



ceutiinet^rs. 



Marks, both inclusive 

Total length 

Diameter of body 

Badins of head 

Distance of center of gravity fh>m base . 
Distance of first row of stads from base . 

Distance between two rows of stnds 

Number of stnds 

Number of studs in each row 

Height of studs 



' inches 

centimeters... 

I inches 

I centimeters... 

! inches 

I centimeters.. 

' inches 

I centimeters... 

' inches 

; centimeters... 
'' inches 

centimeters... 



Width of studs 

Front stud to right of rear stud (both of same groove) . 

Angle due to 1 turn in 10 feet (3.048 meters) 

Longitudinal groove for shot-lino: 

Width 



; inch 

I centimeter 

' inch 

• centimeters... 

■ inch 

centimeters... 



Depth 

Badial slot in base: 
Width 



Depth 

Axial cavity: 

Cylindrical part, diameter. 
Counterbore front end- 
Diameter 

Length 

Weight, about 



i inch 

I centimeters... 

' inch 

I centimeters... 



■ Inch 

contimeters. 

I inch 

' centimeters. 



:inch 

I centimeters. 



7.62 
CC.l 
< and 
(C. 2 
13.25 
33.654 
2.94 
7.468 
1.47 
3.734 
&3 
16. 
3.15 
& 

&25 
15.875 
6. 
3. 

0.09 
0.229 
0.60 
1.753 
0.5 
1.27 
40 30' 

0.6 
L524 
0.5 
1.27 

0.6 
L524 
L 
2.54 

0.6 
1.524 



: inch 

[ centimeters. 

I inches 

I centimeters...' 

' pounds I 18. 

) kilograms 8. 16 



2 
3 

7.82 
C.L.3 

and 
C.L.4 

10.3 

26.162 
2.94 
7.468 
L47 
3.734 
5i 

12.70 
2.5 
6.35 
5. 

12.70 
- 6. 
3. 
0.1 
0.2:>4 
0.6J 
L738 
0.4 
1.016 
4^30* 

0.4 
L016 
0.37 
0.91 

0.4 
1.016 
0.3 
0.762 

0.6 
L524 

1. 

2.54 
2. 
5.08 

16. 
7.26 



Weigh ts of rifle projectiles. 





Number. 


Marks. 


Weight 




Pounds. 


Kilograms. 


1 


C.l 


18. 

17.75 
1& 
16.25 


&169 


2 


C. 2 --- -^- 


8.051 


3 


C. L. 3 . 
C. L. 4 . 




7.258 


4 -- 




7.371 
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Experimental projectiles. 



Dimensions, &c. 



Namber of projectiles made. , 
CaUber 



Marks, both inolosive 

Total length 

Length of ogl val head 

Radius of head 

Length of cylindrical part 

Diameter of cylindrical part 

Length of firostam 

Diameter of smaller base of frastum 

Shank: 

Total length 

Length of screw 

Diameter of screw 

Length ftom plane of base 

Distance Arom base to center of eye-hole 

Diameter of eye-hole 

Width at eye 

Thickness at eye 

Diameter of neck 

Distance of center of gravity from base 

Weight, about 




23. 
10.433 



Weights of^inch smooth-bore projectiles. 



Knmbor. 


Marks. 


Weight. 


Ponnds. 


ElQograms. 


1 


C.5 


2L75 

21.75 

22.26 

2L875 

22.25 

22.59 

22.07 

23.062 

22.625 

22.906 


0.866 


2 


C.6 


9.866 


3 


C.7 


10.003 




C.8 


9.,p22 




C.9 


10.093 




C. 10 


10.248 




C.ll 


10. 419 




C.12 


10.46 




C. 13 


10.263 


10 


C.14 


10.39 
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Dimensions, Sec 



Number of projectiles made 

CaUber inches...... 

i centimeters. 

Marks, both incIasiTo 



C inches 

" I centimeters. 

C inches 

' ) centimeters. 

C inches 

■ I centimeters. 

C inches 

' \ ctintimet«rs. 

\ inches 

[ centimeters. 

Length of frastom f Stoeie™. 

IMiuneter of smaller base of C inches 

fnistara. \ centimers. . . 

Shank: 

C inches 

" \ centimeters. 

Length of .crew {^n'ttoei;™: 

Dian,cterofBC«w fi°=*tS;i,- 

from plane of C inches 

I centimeters. 

base to Cinches 

> centimeters. 

f inch 

i centimeters, 
^idthateye J j»^, 



Total length 

length of ogiral head , 

Kadins of head 

Length of c^'llndrical part. 
Diameter of cylindrical part. 



Total length . 



Length 

base). 
Distance from 

center of eye-hole. 

Diameter of eye-hole . . . 



centimeters. 

inch 

centimeters. 



Thickness at eye 

Dtamoterofneck {!S?thnoie« 



TOstonce of center of gravity 5 '"*''*• 

frombaw. i centimeter.. 

^-'sHihont {ESS^.:: 



Experimental projectile. 




10. 
4. 536' 



13. 
5w897 



Weights o/2-inc/t smooth-bore projectiles. 



Xnmber. 



Weight 



Marks. 



1 1 LL 1 

2 ...t LL. 2 

3 1 LL 3 

4 LL. 4 

5 III. 6 

6 LL.- e 




7 LL. 7 

8 LL..0 

» .' .LL JB 



10. 
11. 
12. 
13. 
14. 
15. 



LL/ 9 
LL.10 
LL.11 
LL12 
LL13 
LL14 



10.406 
10.437 
10. 375 
10. 406 
10. 562 
a 75 
8.75 
14.25 
11. 156 
13. 156 
13.156 
13. 156 
13. 219 
13. 281 
13.25 



4.72 

4.734 

4.706 

4.72 

4.799 

3.963 

3.963 

6.464 

5.06 

5.967 

5.967 

5.967 

5.996 

6.024 

6.01 



Remarks. 



Wrought iron. 

Do! 
Axial cavity. 

Do. 
Modified Cordes shot 

Do. 
Made of lead. 
Axial cavity. 
Axial cavity, 13".5 long. 

Do. 

Do. 

Do. 

Do. 

Do. 
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Dimensions. 



Experimental projectile. 



No. 10. No. 11. No. 12. No. 16. 



Number of projectiles made 

^*"^^ {centimeters 

Marks, both inclusive 

T»«»i'-8ti. f:^.^th;«.to™-.. 

Length of ogival head (iSmimeten,.. 

J^'^otbeai {S;^ln,eter,.. 

U»gth or cylindrical part ISmoteV,:; 

Diameter of cylindrical part | ^nUmete™ ! i 

length of frustum J ^nnmefir.:; 

Diameter of amaUcr baw of fhistum | ^itoetVra i.' 

Shank: 

T»t-l-«tb {c°on«™et*™;. 

I-'8thof«=row Uentimete»:; 

Cinch 

■ I centimeters .. 



L, 



Blameier of screw . 



Length ftom plane of baae {Smfmet^- 



Distance from base to center of eye-hole, i c^ntSieters 



Diameter of oye.hole f^ntimete™: 



Width at eye. 



Cinch 
' I centimeters . . 

Thtckne«ateye U™timeWr,:: 

Diameter of neck |centime",en.":: 



r inches. 



Distance of center of gravity from base | ceutrmetera ' 

^««H about {KS?Lv:::; 



2 

2.5 

6.36 
1&L.2 
13.3 
33.781 

2.17 

5.512 

2.5 

6.35 
10.03 
25. 476 

2.5 

6.35 

1.1 

2.794 

1.35 

3.429 

6.5 
16.51 

1.5 

3.81 

0.5 

1.27 

5. 
12.70 

4.5 
11.43 

0.4 

1.016 

1. 

2.54 

0.4 

1.016 

0.5625, 

1.429 

6.3 
16. 
15. 

6.804 



1 

2.5 

6.35 
L.3 . 
14.7 
37.337 

2.17 

5.512 

2.5 

6.35 
11.43 
29. 031 

2.5 

6.35 

1.1 

2.794 

1.35 

3.429 

6.5 
16.51 

1.1 

2.794 

0.5 

1.27 

5. 
12.70 

4.5 
1L43 

0.4 

1.016 

1. 

2.54 

0.4 

1.016 

0.5625 

1.429 I 

7. 1 
17.78 
17. 

7. 711 



1 

2.5 

6.35 
L.4 
15.7 
39.877 

2.17 

5.512 

2.5 

6.35 
12.43 
31. 571 

2.5 

6.35 

1.1 

2.794 I 

1.35 I 

3.429 I 

..5 ! 

16.51 

1.1 

2.794 

0.5 

1.27 

5. 
12.7 

4.5 
11.43 

0.4 

1.016 

1. 

2.54 

0.4 

1.016 

0.5625 

1.429 

7.45 
18. 923 
18. 

8.159 



9 

2.5 
6.35 
i.5toL,13 
15.7 
39. 877 
2.17 
5.512 
2.5 
6.35 
12.43 
31. 571 
2.5 
6.35 
3.1 
2.794 
1.35 
3.429 

6.5 

16.51 
1.5 
8.81 
1. 

2.54 
6. 

12.7 
4.5 

11.43 
0.4 
1.016 
1. 

2.54 
0.4 
1.016 
0.625 
1.587 
7.45 

18.923 

19. 
8.618 



Weights of 2.5-inc^ smooth-hore projectiles. 



No. 


Karks. 


Weight. 








PoundM. 


KUoa. 


Poundt. KUo9. 


1 


T^ 1 


1.5. 406 


6.998 


1.5. 5 =7. 031 


2 


L. 2 


1.'). 40G 


6.998 


15. 562=7. 059 


3 


L. 3 


17.109 


7.761 


17. 343=7. 867 


4 


L. 4 


18. 437 


8.357 


18.531=8.400 


5 


L. 5 


18. 75 


8.499 




6 


I^ 6 


18.75 


8.499 




7 


L. 7 


18.75 


8.499 




8 


Lu 8 


18.75 


a 499 




9 


L. 9 


18. 781 


8.513 




10 


L. 10 


18.75 


8.499 




11 


L. 11 


18.75 


8.499 




12 


L.12 


18.75 


8.499 




13 


L. 13 


18.75 


8.499 





Bemarks. 



Weights aft-er being fitted with the shank nsed in ex- 
perimental projectile No. 16. The new shanks were 
put in before sending them to Sandy Hook. 
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CHAPTER III. 

GtWCAEEIAGES. 

Section I.— CARRIAGES FOR 3-INCH M. L. RIFLED MORTAR. 

I. Carriage l^o. 1. 
(Plate XXIIL) 

The 3-incli M. L. rifled mortar was mounted on tbia carriage when re- 
ceived. The carriage had been used in making some preliminary experi- 
ments before being sent to the National Armory. 

It consists of two cheeks and three transoms made of oak ; and of two 
trunnion plates, two cap-squares, twelve assembling bolts, twelve washers 
and twelve nuts, made of wrought iron. 

The front and rear transoms project beyond the cheeks to form handles 
for convenience of transportation. 

The middle transom is placed vertically between the cheeks, and is 
almost directly beneath the trunnions. 

The ends of this transom are let into the cheeks. Two assemblin«: 
bolts pajssiug through the cheeks, and longitudinally through this (mid- 
dle) transom, give rigidity to the cheeks. 

The nuts and ends of the assembling bolts, which project below the 
cheeks, tend to check the recoil by sinking into the earth or sand. 

The drawings furnish the dimensions and the details of construction. 

Weight of carriage and quoin, 77 pounds. 

II. Carriage No. 2. 
(Plate XXIV.) 

This carriage was made at the National Armory. It differs in some 
of the details of its construction from carriage No. 1. 

The cheeks are thicker, are not so long, and the number of parts is 
diminished. Iron handles are placed at the sides to be used in moving 
the gun and carriage from place to place. 

The following are the component parts of this carriage, namelj' : 

Two cheeks and front transom of wood (oak) ; two trunnion plates, 
two cap-squares, four handles, twelve assembling bolts, twelve nuts, one 
washer, and one rear transom of wrought iron. 

A wooden quoin is used for giving elevations. 

Weight of carriage and quoin, 68 pounds. 

(See plate for dimensions, &c.) 

Sectiox II.— carriages FOR SMOOTH-BORE GUNS. 

The carriages or beds for the smooth-bore bronze guns were all matle 
at the National Armory, Springfield, Mass. The materials are oak and 
wrought iron. 

I. Carriage for bronze gun A. 

(Plate XXY.) 

Nomenclature. 

a. Wood. 
2 cheeks, same size. 
1 front transom. 
1 quoin. 
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6. Wrought iron. 

2 trunnion plates, same size. 

2 cap-squares, same size. 

2 hinge plates, same size. 

2 hinge pins, same size (riveted). 

2 cap-square keys, same size (rotating). 

4 assembling bolts, long, same size. 

4 assembling bolts, short, same size. 

1 assembling bolt, transverse. 

2 washers. 
8 nuts. 

1 rear transom. 
4 handles. 

2 cheek bands. 

The two rear assembling bolts (long) screw into the hinge plates. 

The cap-square keys rotate about the front assembling bolts (long) 
and lock the cap-squares when in position. 

The cheek bands pass around the edges of the cheeks and are fastened 
to the latter by wood-screws. 

These bands are made to fit closely. 

The dimensions and details of the construction are given in the plate. 
Weight of caiTiage and quoin, 63 pounds. 

II. Carriage for bronze gun B. 

(Plate XXVI.) 

This carriage is similar in form to the preceding one, but is smaller 
and lighter. The rods that serve as handles for transportation are made 
long, in order that the load, may be balanced by slipping the hands 
along the rods when two men carry the gun and carriage with the pro- 
jectiles lying on the rear transom. 

The nomenclature of this and the following carriage is the same as 
that of gun A. 

Weight of carriage and qnoin 35 pounds. 

Weight of carriage alone 33. 5 pounds. 

(For details see plate.) 

IIJ. Carriage for bronze gun C. 

(Plate XXVII.) 

This carriage differs but slightly from that designed for gun A. 
The trunnion beds and transoms in this carriage are placed farther 
forward, and the cheeks are cut away more in rear of the trimnions. 
The drawings give all the details of construction and the dimensions 

Weight of carriage and quoin 54.25 pounds. 

"Weight of carriage alone (49.41 poundB)^ say 50 pounds. 

Becapitulation of the weighU of gun-carriages. 



^a Gun-carriage, with quoin. 


Weight. 


Ponnds. 


Kilograms. 


1 ' Na 1 for 3" M. L. R mortar ... 
2.No.2for3"M.L.R.mortar... 
3 For S. B. pin A 


77 
68 
63 
35 
54.25 


34.93 
30.84 
28. 58 


4 ; For S. B. gnn B 


15.88 


5 1 For&RgunC 


24.61 







Remarks. 



Without qnoin, 33.5 ponnds (15.2 kilos). 
Without quoin, 50 pounds (22.68 kilos). 
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CHAPTER IV. 
POWDER, a:n^d cartridge bags. 

I. Powder. 

Two kinds of powder were used during the first series of experiments: 
Dupont's mortar powder and Hazard's United States Government 
musket powder. 

The Dupont mortar powder used was a sample on hand when the 
experibments began. 

The qualities of the Hazard musket powder used in this series of 
experiments are show^n below in the repori) of Mr. R. T. Hare, in charge 
of the experimental apparatus at this armory. The arm and ammunition 
used, though not conforming to the actual conditions of service with life- 
saving guns and projectiles, afford relative tests of the values of different 
pow^ders. 

The pressures in all cases w^ere taken with the Rodman pressure plug, 
with musket housing, using the National Armory circular cutter. There 
was no "internal-pressure gauge'' suitable for use with the life-saving 
guns. The Le Bouleng^ chronograph, the Benton electro-ballistic ma- 
chine, and the Benton thread velocimeter were employed in obtaining 
the initial velocities. These machines were used simultaneously for 
taking velocities. 

Record of initial velocities. 

[Station : Kational Armory, Springfield, Moas. Date : Febmary 26, 1878. Kind of arm : Snrinefleld 
rifle. Ammnnition : Prepared. Weight of Dowder: 70 grains. Kind of powder: Hazards United 
States Government musket. Weiplit of ball : 405 grains. Object of experiment : To teat velocity, 
pi-essure, and specific gravity of powder. Specific gravity: 1.80.] 



Xomber of shot. 


Lo Boulcngfi. 


Electro-ballistic. 


Thread velocimeter. 


Pressures per 
square inch. 


1 


Fcft 
1381. 
1330. 8 
1344.6 
1361. 2 
1359. 3 


Feet 

1393. 2 
1333.7 

1345. 3 
1363.1 
1363.1 


Feet. 
1369. 2 
1334.9 
1340 5 
1357. 5 
1363.2 


Poundt. 


2 




3 

4 
5 


28,000 
27,000 
28, 200 


Mean 


1365. 3 


1359. 6 


1353.0 


27, 733 






Sxtreme variation 


50.2 


59.5 


34 • 








^pnn vs-riation 


7 


8 


6 









Distance between targt'ts for Le Boiilenge : 98 feet. Di.stance betwe<»n targets f«)r electro-ballistic : 
97 feet. Distance between targets for thread velocimeter : 100 feet. By whom taken : R T. Hare. 

Secotid series of experiments. 

Four kinds of powder w^ere procured from the Hazard Pow-der Com- 
pany for this series of experiments, namely: 

1. F. G., duck size ('^Sea shooting duck"). 

2. U. S. Goveniment musket. 

3. Mortar. 

4. Navy cannon. 

The tests, as before, were made by Mr. Hare. They are given serially 
below. 

The coarser grained powders were slightly compressed in putting np 
the metallic cartridges, which somewhat affected the resulting velocities 
and pressures. 
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No. 1. 

Hccord of initial velocities, 

[Station: yational Armory, Snriugfleld. Maw. Dat«: April 30, 1878. Kind of arni: Springfield rifle. 
Ammunition: Prepared. Weight of powder: 70 grains. Kind of powder: Hazard aampfe, markeil 
F. G., Dnck Size.* Weijght of ball : 405 grains. Object of experiment: To test velocity, pressure, and 
specific grarity of pow^r. Specific gravity: 1.792C3.] 



Number of shot 


Le Bouleng6. 


Electro-ballistic. 


Thread velocimetcr. 


Pressures per- 
square inch. 


1 
2 
3 

4 


Feet, 
1825. 9 
1318.1 
1335.7 
1835.7 
1335.7 


Feet 
1322.4 
1316.7 
1833.7 
1339.4 
1339.4 


Feet 

1323.7 
1318. 3 
1334.9 
1334.9 
1329.3 


PoufidM. 
31,000 
28,000 
25,700 


5 








Mean 


1330.2 


1330.3 


1328.2 


28,233 




Extreme variation 


17.6 


22.7 


16.6 








Mean variation 


3.2 


4.3 


2.8 









* Sometimes called "Sea Shooting Buck." 

Distance between targets for Le Boiileng^: 98 feet. Distance between targets for electro-ballistic: 
97 feft. Distance between targets for thrt-ad velocimeter : 100 feet. By wh<»m taken : R. T. Hare. 



No. 2, 
Hecord of initial velocities. 



[Station: National Armory, Springfield, Mass. Date 

' "Vv eight of powder: 70 grains. 



_ April 30, 1878. Kind of arm: Sprinefleld rifle 

Ammimitiou: Prepareil. Weight of powder: 70 grains. Kind of powder: HazanVs sample, marke<l 
MuHket Powder. Weight of ball: 405 grains. Object of experiment: To test velocity, pressure, and 
specific gravity of powder. Specific gravity: 1. 81132.] 



Number of shot. 


Le Bouleng6. 


Electroballistic. 


Threatl velocimeter. 


Pressures per 
square inch. 


1 
2 
3 
4 


• Feet 
13.>4. 4 
i:j.'V3. 4 
1367. 1 
1356.3 
13r.7. 3 


Feet 
1351.2 
1351. 2 
1375. 1 
1363.1 
13.->7. 1 


Feet 
1375. 
1346.1 
1375. 
1363.3 
1351.7 


PouruU. 
33.900 
33,900 
33,900 


5 


• 






Mean 


1357.7 


1350.5 


1362.2 


33,900 






Extreme variation . - . 


13.7 


23.9 


28.9 


• 






Mean variation 


3 


3.8 


5.3 









IH^tance between targets for Le Boiileng6: 98 feet. Distance between targets for eleotro-ballistic : 
ffi ffet Distance between targets for thread velocimeter: 100 feet, by whom taken: R. T. Hare. 

6ap 
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No. 8. 

Record of initial velodties. 

[Station: National Armory, Sprinsfleld, Haas. Date: April 30, 1878. Kind of arm: Sprinsfleld rifle. 
Ammunition: Prepared. Weight of powder: 70 grains. Kind of powder : Hazard's sample, marked 
Mortar Powder, weiglit of bul : 409 grains. Oqject of experiment : To test velocity, pressure, and 
specific gravity of powder. Specific gravity: I.OI292.] 



Kumberof shot. 


Le Bouleng6. 


Electroballistic. 


Thread velodmeter.l ^^^^^^, 


1 
2 
8 
4 


1300.5 
1307.0 
1280.7 
1313.2 
1297.5 


FuL 

1300.3 
1311.1 
1204.6 
1322.4 
1300.8 


FuL 
1296.9 
1313.0 
1286.5 
1307.6 
1807.6 


PottfMl*. 

24,500 
25,000 
25,000 


5 








Mean 

KTtiTnniA variation 


130L5. 


1305w7 


1302.3 


25,000 


23.5 


27.8 


26.5 











Mean variation 


3.4 


4.5 


4.2 









Distance between targets for Le Bonleng6 : 98 feet. Distance between targets for electro-ballistic : 
Vt feet. Distance between targets for threwi velocimeter : 100 feet. By whom taken : R. T. Hara. 



No. 4. 

Record of initial velocities, 

[Station: National Armory, Springfield, Mass. Date: April 30, 1878. Kind of arm: Springfield rifle. 
Ammunition : Prepared." Weight of powder : 70 grains. Kind of powder : Hasard's sample, marked 
Navy Cannon. Weight of ball: 405 grains. Object of experiment : To test velocity, pressure, and 
apeoiflo gravity of powder. Specific gravity : L77061.J 



Number of shot. 


Le Bonleng6. 


Electro-ballistic. 


Thread velocimeter. 


Pressures per 
square inch. 




Feet. 
1350.3 
1328.0 
1350.4 
1320.9 
1350.5 


Fett 
1357. 1 
1333.7 
1363.1 
1330.4 
1322.4 


Feet. 

1351. 7 
1334.0 
1340.5 
1323. 7 
1318.3 


Pound: 
28, .500 
29,500 
27,500 










ICean 


1343.8 


1343.1 


1333.8 


28,500 






Extreme variation . . . 


30.4 


40.7 


33.4 






M^Aan vsrifttion 


5.7 


a8 


5.1 









Distance between targets for Le Bouleng6 : 98 feet. Distance between targets for elt^ctro-ballistic : 
97 feet. Distance between targets for tliread velocimeter : 100 feet. By whom taken : K. T. Hare. 

II. Cartridge bags. 
(Plate XXVIII, Figs. 1, 2.) 

The cartridge bags are made of twilled serge, or soDie other woolen 
material. 

The texture should be close enough to prevent the powder fipom sift- 
ing. through. 

Each bag is made of two pieces, identical m size and sha]>e ; one end 
of each half-bag is semicircular. The half-bags are cut out by means of 
sheet-iron or tin patterns. Marks for the seams are traced out by the 
cutter. 
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The seams are half an inch from the edge. After sewing, the edges 
are turned down on the same side of the seam and basted, to keep the 
powder from escaping through the seam. 

Two sizes of bags are used. 

Bimemiom {of hhlf cartridge hag). 
For 3'' gun (Fig. 1). 

Inches. Centimeton. 

Length 7.5 19.05 

Wi&i 4.5 n.43 

For 2'' and 2''.5 guns (Fig. 2). 

Inohee. Centimeten. 

Length 7.0 17.78 

Width 3.8 9.65 

Shorter cartridge bags may be used for practice with small charges. 



CHAPTER V. 
SABOTS, FSICTIOX PRIMERS, AND IMPLEMENTS. 

I. Sabots. 

(Plate XXIX.) 

1. Three-inch sabots, wood. These were circular disks of dry pine. 
Two thicknesses were made, (K'.75 and (y'.5. (Fi^s. 1-4.) 

2. Three-inch sabots^ Cordes. This sabot is 3" in diameter and (K^55 
thick. It has a disk of iron placed between two disks of sole leather^ 
the whole held together by a copper rivet. (Figs. 5^ 6.) 

3. Two-inch sabots. Two kinds of sabots of this diameter were made; 
one was a plain wooden sabot, and the other a Cordes sabot, similar to 
those above described. (See Figs. 7-10.) 

4. Wads. In firing rifle projectiles and when using smooth-bore pro- 
jectiles with the rifled mortar, wads of paper (newspapers) were used 

without any previous preparation. 

II. Fbiotion pbimebs, etc. 

Three kinds of primers were used during the experiments, namely : 

1. Service Motion primer, short. 

2. Service friction primer, long. 

3. Electric primers. 

III. PRIMINa WIRE. 

(Plate XXVIII, Fig. 3.) 

This implement is made of brass or steel wire (VMS in diameter, and is 
7''.7 in length.* One end is pointed and the other is formed into a ring 
2''.25 in diameter. 

• Lieugth 9^''.7 in figure, but it has been found to be too long for convenience. 
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lY. Sponge and hammer. 
(Plate III, Fig. 6.) 

This is a staff of ash or elm 30'' long. The rammer head is cylindrical^ 
4" long and 1''.75 in diameter. The end for the sponge is also cylindri- 
cal, and is 5" in length with a diameter of 1".5. The shaft between the 
heads is turned down to a diameter of 1".25. 

The sponge-head is made of coarse, well-twisted woolen yam woven 
into a kind of webbed cloth, or of sheepskin with the wool on. 

The thickness of the sponge-head may be so regulated that the same 
rammer may be used for the 2'' and 2''.5 guns. 

V. Powder measures. 

These are made of sheet-copper or brass. Two sizes are made, one 
holding one ounce (avoirdupois) of powder (size of Navy cannon*), and 
the other two ounces. 

VI. Lanyard. 

This is made of strong cod-line or of Nos. 3 J, 4, or 4 J Silver Lake Com- 
pany's braided linen line. A small hook of iron wire with an eye for the 
line is attached to one end of the lanyard, and to the other end a wooden 
toggle, 4'' long and 0".75 in diameter. The lanyard should be 30 feet 
long. It is used for pulling oflf the friction primers. 

VII. Combination level. 

(Plate XXVin, Fig. 4.) 

This is a foot-rule made of box-wood and bound with bra.ss. It is a 
combination rule, level, and octant. A steel arm which closes like a 
knife blade is graduated into degrees from (P to 45^. Half degrees may 
be estimated. It is used for obtaining elevations of guns and mortars 
when the chase or ^xterior near the muzzle in cylindrical. In the figure 
it is shown in position for an elevation of 30 degrees. 

VIII. Gunner's haversack. 

(Plate XXX.) 

This haversack is intended to be used for carrying cartridges, friction 
primers, lanyards, priming wire, and the combination level. It is made 
of black bridle-leather, except the pocket for the friction primers, which 
is made of black grain leather. 

The back, bottom, front, and flap are cut in one piece. The ends are 
lined with leather to give them the requisite stifliiess. On the inside of 
one end is a pocket for the combination level. 

The inside flap has small pads sewed to the ends of the upper part to 
screen the inside of the haversack from the eft'ects of a driving rain. 
Two loops are sewed or riveted to the back for the reception of the waist- 
belt. A tongue or "billet "fastens the outside flap to a brass button on 
the bottom. Sheaths for the priming- wire are sewed to each comer at 
the back of the haversack. A waist-belt and buckle complete the equip- 
ment. (For dimensions, &c., see plate.) 

* Hazard's Life-Saving Service powder is now used. 
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Ifomenclature. 

(Plate XXX.) 

Fig. 1. Flap, back, bottom, and front, one piece. 

Fig. 2. Inside flap. 

Fig. 3, a, h. Pads on inside flap near top; should be same size. 

Figs. 4,5. Ends J lined. 

Fig. 6. Pocket in front. 

Fig. 7. Pocket for level. 

Fig. 8. Lining for bottom. 

Fig. 9. Sheath for priming- wire; one at each end. 

Fig. 10. Tongue or billet. 

Fig. 11. Loops for waist-belt; two. 

Fig. 12. Waist-belt and buckle. 

Fig. 13. View of haversack, complete. 

Note. — ^If made for the service, the haversack will be made of russet 
leather. 



CHAPTER VI. 
SHOT-LENES. 

These lines are intended to be used in connection with a gun or mor- 
tar and a projectile, to ettect communication between the shore and 
stranded vessel, or, in exceptional cases, between vessels at sea. 

They should be made of the very best materials. 

The English method of faking has been adopted in lajdng up these 
lines for fiing. 

Eockets may be used instead of a gun and projectile for carrying the 
line. 

The lines used in each series of experiments are given separately. 

Section I. — Lines used in first series. 

The cords or lines used in the first series of experiments were made 
expressly for the United States life-saving service. 

The materials used were stated to be the best linen and Italian hemp 
thread. The cords are braided instead of being twisted, and each cord 
is made in one continuous piece. The first four lines were sent to the 
writer by Capt. J. H. Merryman, United States Ee venue Marine, inspec- 
tor of the life-sa\dng service. These four lines are numbered serially 
for reference; the Unen and hemp lines having a separate set of num 
bers. The manufacturer's numerical notation, when given, indicates the 
diameter of the line expressed in 32ds of an inch. Thus, when a line is 
designated as "]S^o. 7," a line -fyis of an inch in diameter is meant. The 
linen shot-lines had invariably a smooth finish; the hemp lines appeared 
to be less smooth upon the exterior. 

1. Linen line Xo. 1. 

Manufacturer unknown, probablj' Silver Lake Company, of Xewton— 
viUe, Mass. 



Digiti 



ized by Google 



78 UNITED STATES LIFE-SAVING SERVICE. 

Maker's number not given, probably No. 7. 

Theoretical diatneter 0.21875 inch. 

Measured diameter 0.22 inch. 

Length 600 yards. 

Weight of line 34 pounds. 

Weight of faking-box, A 1 37 pounds. 

Weight of faking-box and line 71 pounds. 

2. Linen line No. 2. 

Manufacturer unknown, probably Silver Lake Company. 
Maker's number, Ko. 7. 

Theoretical diameter 0.21875 Inch. 

Measured diameter 0.22 inch. 

Length 600 yards. 

Weight of line 33 pounds. 

Weight of faking-box, A 2 1 "..-. 36.5 pounds. 

Weight of faking-box and line 69.5 pounds. 

3. Italian hemp litie No, 1. 

Manufacturer unknown, probably Silver Lake Company. 
Maker's number not given, probably ^o. 4J. 

Theoretical diameter 0.125 inch. 

Measured diameter 0.13 inch. 

Length 700 yards. 

Weigh of line 16 pounds. 

Weight of faking-box, Bl 24 pounds. 

Weight of faking-box and line 40 pounds. 

4. Italian henip line No. 2. 

Manufacturer unknown, probably Silver Lake Company. 
Maker's number not given, probably Ko. 4J. 

Theoretical diameter 0. 125 inch. 

Measured diameter 0.13 inch. 

Length 700 yards. 

Weight of line 13.5 pounds. 

Weight of faking-box, B2 24 pounds. 

Weight of faking-box and line 37.5 pounds. 

5. Linen line No. 3. 

This small line was made especially for trial with a light gun to ascer- 
tain the maximum range that could be obtained without breaking the 
line, and also to learn if so small a line would stand the shook of dis- 
charge. It was made of bleached linen thread under the direction of 
Mr. H. W. Wellington, the agent and manager of the Silver Lake Com- 
pany^ of IS'ewtonville, Mass. It is what rope-makers term hard-laid ; 
that IS, it is made very hard and compact in braiding and finishing. It 
was made in a single piece. 

Dimensions^ &c. 

Maker's number No. 3i 

Theoretical diameter 0.109375 inch. 

Measured diameter 0.1 inch. 

Length 800 yards. 

Weight of line 7.625 pounds. 

Weight of faking-box, B 24 pounds. 

Weight of faking-box and line. 31.625 pounds. 
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Date, 1877. 


ShotUne. 


i 


1 


Kemarks. 


Month. 


Day. 


Kind. 


Length. 




October. . . . 
November . 


12 

12 

17 
17 
25 
25 

4 . 

4 

4 

4 
22 

22 

27 

27 
27 


Linen, No. 1. 

Hemp,Nal 

Hemp, No. 1. 
Hemp,Na2. 
Hemp, No. 2. 
Linen, No. 2. 
Hemp, No. 1 . 
Hemp, No. 2. 
Linen, No. 1. 

Linen, No. 2. 
Linen, No. 1. 

Linen, No. 3. 

Linen, No. 3 

Hemp, No. 2. 
Linen, No. 2 


Yds. 
600 

700 

700 
700 
700 
600 
700 
700 
600 

600 
600 

800 

750 

700 
600 


Mins. 
40 

31 

28 
28 
40 
21 
28 
27 
24 

22 
20 

40 

28 

17 
22 


A 

B 

B 
B 
B 
A 
B 
B 
A 

A 

A 

B 

B 

B 
A 


Line in coils taken np by winding aronnd hand 

and elbow after flrmg. 
Line in coils taken up by winding around hand 

and elbow after finng. 
Line in box ; not carried out by shot 
Line in box ; not carried out by shot. 
Line on reel ; assistant absent ten minutes. 
Tiine on reeL 

Line in coils ; wound up on arm. 
Line in coils ; wound up on arm. 
Line in colls : wound up on arm; piece broken 

offline. 
Line in coils ; wound up on arm. 
Line in coils ; wound up on arm ; piece broken 

offline. 
Line in coil as received from maker ; interrupted 

by snarls. 
T.ine in coils ; wound on arm ; fifty yanls broken 

off. 
Line on reel. 
Line on. reeL 



Note.— The writer did the faking in each instance. An assistant was required to press down the 
loops on the side of the box opposite to the faker, while a helper paid the line out of the coils or from 
the reel.— D. A. L. 

Section II. Lines used in second series of experiments. 
1. Experimental shot-lines. 

The braided sliot-lines used in the second series of experiments were 
manufactured by the Silver Lake Company, of Kewtonville, Mass. 

The lines having the "ordinary finish ^ were procured by the Treasury 
Department, while those haAdng the "water-proof finish'' were furnished 
free of expense to the government by Mr. H. W. Wellington, of the 
firm of Wellington Bros., of Boston, Mass., who requested that they be 
tried at the same time with the other lines for the purpose of determin- 
ing their relative merits. 

The braiding of these lines is done by an ingenious machine, the in- 
vention of the late James Amiraux Bazin, of Canton, Norfolk County, 
Mass. 

Referring to this process of making lines or ropes, the inventor states : 

In the nsual method of making ropes it ie necessary to give the yams a much harder 
twist than would be essential for binding the separate fibers together in order to com- 
pensate for what is taken out by the countertwist of the strand, thereby making it 
necessary, in laying these strands up into a rope, to give them a much harder twist 
than would otherwise be required, as it is the tendency of each strand to untwist that 
keei>s them aU firmly bound together ; a hard-twisted rope necessarily requiring an 
equally hard twist in the strands, and thereby causing a constant strain upon aU the 
fibers of which it is composed. 

But where a soft and pliable rope is required, as the twist in the strands must be 
proportionally reduced, the strands wiU be liable to be thrown out of place and into 
kinks by careless usage. 

To obviate this, ropes are sometimes made by braiding, which, though it prevents 
the strands from being thrown out of place, is still more objectionable, as the strands 
in this case run around spirally in contrary directions, and consequently a slight 
twisting of the rope either way will throw all the strain upon one-half the number of 
strands. 

To overcome the above-mentioned difficulties is the object of my invention, which 
consists in combining the strands of any fibrous material by an interlocking twist, in 
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which the strands all take the same spiral form that they would have in a twistwl 
rope of ordinary manufacture, and yet hold each other in place more effectually than 
can he done hy braiding; tliis interlocking twist heing formed hy successively passing 
each strand around two others, so that each of the two so entwined shall, in its turn, 
entwine two others ; and as the strands all maintain the same spiral form irrespective 
of the twist<s in each, there can be no unnecessary strain upon the fibers of which they 
are composed, while, under all circumstances^ each strand will bear an equal amount 
of strain with all the others, and cannot possibly kink or become misplaced. 

And my invention also consists in a new machine for forming the above-described 
interlocking twist, in which the spools that carry the strands are so actuated that two 
of the strands are held stationary while another is passing around them, thereby in- 
terlocking^ the strands as above described ; and my invention furthermore consists in 
so arranging the mechanism as to permit of its being operated in either direction, 
as may be desired, according to the twist in the yams of which the strands are com- 
posed. 

The spool-carriers are always made to revolve in the- same direction 
as the twist of the strands. 

The inventor does not limit himself to anj' particular number of spools, 
provided only that the number shaU be a multiple of three. 

The number of " travelers^ or spool-carriers employed in the machines 
for braiding the expeiimental lines for tlie United States Life-Saving 
Ser\iee were nine and tivelve^ depending upon the size of the lines. 

2. Mater inU. 

Linen and Italian hemp threads were used in the fabrication of the 
experimental lines. 

The linen yams were all furnished by the Smith & Dove Manufactur- 
ing Company, of Andover, Mass., and the Itahan hemp yarns by the 
Boston Flax Mills. 

In the process of braiding, a core of the same material is sometimes 
iuserted. 

The lines made on the twelve " traveler^ machines are a little firmer, 
and the strands come to their places better with a core ; but this is not 
indispensable, and, unless the yam is harsh, the core is often omitted. 

3. Finishing, 

1. " Ordinaiy finish." 

The lines are finished by being drawn rapidly twice through wheat 
starch. 

The extra starch is wiped from the line by passing it through a piece 
of India rubber. It is then passed through a closely-fitting steel die, two 
inches in length. After drying a few moments, the cord is passed twice 
through another steel die, slightly smaller than the first. The latter 
opei'ation gives the cord a polish and smooths the exterior. 

2. " Water-proof finish." 

The " water-proofed" lines are passed slowly through a hot mixtmx?of 
linseed oil, bees-wax, and paraftine before receiving tlie usual finish. 

The writer is indebted to Mr. Jatnes Tolman, of Boston, for the alwve 
details, as well as the following tabular statement in regard to the manu- 
facture of braided lines : 
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4. Uaterials, cf-c., used in the manufaeture of ahot-lines from Welling f oh Bros, 4' ^o*i «^«»'» 

for Silvtr Lake Company. 



Material. 



Color. 



Yam. 



11 



34 
4 
44 

5 
6 
7 
8 
9 
10 

34 

4 

€ 



9 
10 

4 



Linen . . . 

do. 

do. 

do. 

do. 

do. 

do. 

do. 



italiuMiemp. 

do...... 

do 

do 

do 

do 

do 

do 

do 

Dark linen 



Bleached 

...do 

...do 

...do 

Unbleached. 

...do 

...do 

...do 



Natural 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Unbleached. 



Andover, 3 cord, No. 16 [ 

Andover, 5 cord, No. 16 j 

Andover, 5 cord, No. 10 

do 

Andover aail twine, 3 ply, 2 ends. . | 

Andover Mail twine, 7 ply i 

Andover Bail twine, 3 ply, 3 ends. .. 
Andover sail twine, 3 ply, 4 ends. . | 
Andover sail twine, 3 ply, 5 ends. . | 

Wet spun, 6 cord | 

Wet spun, 6 cord, 2 ply ■ 

Dry spun, 6 cord, 3 ply I 

Dry spun, 6 cord, 4 ply 

Dry spun, 6 cord, 5 ply ' 

Dry spun, 6 cord, 6 ply 

Dry spun, 6 coi-d, 7 ply I 

Dry spun, 6 cord, 8 ply 

Dry spun.6cord, lOply | 

Andover, 3 ply, sail twine 



Tdt. 
700 
700 
700 
700 
600 
600 
600 
600 
600 
700 
700 
700 
700 
600 
600 
600 
600 
600 
700 



LbM. 

1215 
13. 
24. 
31.5 
33. 
50.5 
65.5 
63.5 
7. 
13. 
15.5 
26. 
31. 
38. 
41.5 
53.5 
64.5 
14.5 



* The maker's number indicates the diameter of the cord in thirty -seconds of an inch. 

5. DimensmiSj tceighU^ tests, &c. 

The following sets of tables give all' the details in regard to these lines. 

The two tables forming each set belong to the same group of lines. 
Lines Kos. 8, 9, and 10 of ea<5h group were not provided with faking- 
boxes, from motives of economy. The breaking weights and " sti*etch in 
six feet" are approximations only. The former was obtained by taking 
sections of each cord and carefully attaching them to two small gi'ooved 
I)ulleys in such a way as to avoid cutting the cord at the knots. The 
length of cord between the knots was invariably six feet. One pulley 
was hung fix)m a beam, and to a hook on the other was attached a large 
bucket. Lead weights were gradually placed in the bucket until the 
cord broke. The total load was carefully weighed in each instance. 

Very small weights were used as the load neared the breaking weight 
or stress. 

The stretch or increase of length of the cord was obtained by a vertical 
scale properly adjusted; an index or pointer atttiched to the side of the 
pulley on the lower end of the line assisted the observer in following the 
indications and taking the readings. 

In other respects the tables are self-explanatory. 
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Table I. 
A. 

Experimental braided shot-lines of Italian hemp, made by Silver Lake Company j ordinary 

finish. 



I ^ 



Material. 



3^1 Italian hemp., 

4 ' do 

4^1 do 

^ I 

7 ■ 

8 . 

9 !. 
10 I 



do. 
Italian hemp, sash . 

do 

do 

do 

do 



Length. 



Diameter 
measared. 



<£ 


^ 


i 


T 


S 


^ 


Si 


9 


2 


>! 


^ 


M 


700 


640.068 


0.095 


700 


640.068 


.125 


700 


640.068 


.145 


'700 


640.068 


.190 


600 


548.63 


.215 


600 


548.63 


.235 


600 


548.63 


.265 


600 


548.63 


.285 


' 600 

1 


54&63 


.325 



Weight 



2.413 I 
3.175 
3.683 I 
4.826 I 
6.461 I 
&969 I 
6.731 ; 
7.239 I 
&255 



7.0 
13.0 
15.5 
26.0 
31.0 
3a 
42.0 
53.0 
64.5 



3.175 
5.896 
7.030 
1L793 
14.061 
17.236 
19. 051 
24.040 
29.257 



FaJdng.hox. 



D 
B 
B 
C 
A 



Wei^t 



19.5 
23.5 
24.0 
33.0 
42.0 
36.5 



&845 
10.659 
10.8)<6 
14.968 
19.051 
16.556 



B. 

Ttneile strength and elongation of braided shot-lines, made of Italian hemp by Silrer Lake 

Company, ordinary finish. 



e 


^ 


ll 


b 


s 


•a 


S^ 


"^ 



Material. 



3^ I Italiflii hemp . 

r 

6 

7 i 

8 I 



do. 

do. 

do 

Italian hemp, sash . 

do....:. 

do 

, do 

do , 



Breaking weight 



Pounds, j Kilograms. 



70 
90 
90 
252 
300 
350 
467 
530 
673 



31. 751 
40.823 
40.823 
114.306 
136.079 
15a 759 
2U.829 
240.406 
305.270 



Stretch in six feet of 
lino. 



Inches. 



Millime- 
ters. 



9.0 
6.0 
7.5 
ILO 
12.0 
10.5 
14.0 
12.0 

n.5 



22a 60 
152.40 
190.50 
279.39 
304.79 
206l70 
355.59 
304.79 
292.09 



Table II. 

A. 

Experimental shot-lines, linen, braided, made by Silver Lake Company, ordinary finish. 







\ 

Material. 


Length. 


Diameter 
measured. 


Weight 


Faking-boi. 


i 1 

<= 1 i 


i 


1 


ji 


1 


M 




Weight 


ill 


1 
1 


1 

s 

2.3368 
3.226 
3.378 
4.064 
5.334 
5.715 

a9a5 

7.188 
8.179 


1 


1 




4i 


Bleached linen 


700 
700 
700 
700 
600 
600 
600 
600 
600 


640.068 
640.068 
640.068 
640.068 
54a 63 
54a 63 
54a 63 
548.63 
54a 63 


0.092 
.127 
.133 
.160 
.210 
.225 
.275 
.283 
.322 


7.0 
12.5 
13.0 
24.0 
33.0 
33.0 
50.5 
55.5 
63.5 


3.175 
5.670 
5.896 
10.886 
14.968 
14.968 
22.906 
25.174 
28.803 


D 
B 
B 
C 
A 
A 


lao 

24.0 
23.fi 
33.0 
34.6 
35.0 


a 164 




do 


10. m 




do 


las:* 




R 


do 


14.96iS 


1 1 6 

1 1 7 


Unbleached linen, sash. . . 
do 


15w422 
15.875 


1 ! 8 


....do . 




1 9 


do 




• •• 




1 ' 10 


do 

























Digiti 



ized by Google 



UNITED STATES LIFE-SAYING SERVICE. 
B. 



83 



' Temle strength and elongation of braided shot-HneSy made of linen thread hy Silver Lake 

Company f ordinary finish. 



e 

u 


i 


Material. 


Breaking weight 


Stretch in six feet of 
line. 




Ponnds. 


Kilograms. 


Inches. 


Hillime- 
ters. 




1* 

H 

10 


Bleached linen 


102.0 
160.0 
143.5 
245.0 
323.0 
391.0 
542.0 
683.0 
795.0 


46.266 
72.675 
65.091 
111.131 
146.511 
177.356 
245.849 
309.806 
360.609 


6.0 
9.0 
9.0 
&5 
13.0 
12.5 
14.0 
13.0 
13.0 


152.40 




do 


228.60 




. ...do 


22^60 




do 


215.90 




Unbleached linen, saah 


330.19 




do 


317. 49 




do 


355.59 




do 

do 


330.19 
33a 19 









Table III. 

A. 

Experimental braided ahot-Hnes of Italian hempy made hy Silver Lake Companyy water-proof 

finish. 



I. 

a 



» ,s 



Material. 



1 I 10 



3i Italian hemp 

4 1 do 

HI do 

5| do 

6 I Italian hemp, aaah . 

7 do 

8 I do 

9; do.... 



-do. 



Length. 



Diameter 
measured. 



700 
700 
700 
700 
600 
600 
600 
600 
600 



040.068 

640.068 

640.068 

640.068 

54&63 

548.63 

54a 63 

548.63 

548.63 



0.100 
.120 
.140 
.200 
.210 
.225 
.274 



Weight. 



2.540 
8.048 
3.556 
5.080 
5.334 
5.715 
6.985 
7.493 
8.128 



ao 

14.0 
14.5 
27.5 
27.0 
37.5 
42.0 
53.0 
55.5 



3.628 
6.350 
6.577 
12.473 
12.247 
17.009 
19. 051 
24.040 
25.174 



Faking-box. 



Weight 



18.0 
23.0 
24.5 
32.0 
36.0 
35.5 



a 164 
10.432 
IL 113 
14. 515 
ia32» 
iai02 



B. 

Tennle strength and elongation of braided shot-UneSy made of Italian hemp by Silver Lake 
Company, water-proof finish. 



-2 «b 


Material 


Breaking weight 


Stretch in six feet of 
line. 


=5 si 


Ponnds. 


Kilograms. 


Inches. 


Millime- 
ters. 


1' ? 




60 

no 

157 
232 
258 
320 
434 
476 
600 


27.215 
49.896 
71. 215 
105.688 
117. 028 
145. 151 
196.861 
215. 912 
272,158 


5.0 
5.0 
6.0 

ao 

7.0 

ao 

as 

11.0 

10.0 


127.00 


do....: 


127.00 


1 ? 


do 


152.40 


do 


152.40 






177.80 


1 ' 7 


do 


203. 20 




do 


215.90 




do 


279. 39 


1 10 


I do 


254.00 




1 
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Table IV. 



A. 



Experimental braided linen shot-lines, made by Silver Lake Company, water-proof finiih. 



3 S 



6 
7 
8 
9 
10 



Material. 



Length. 



Linen, bleached 700 

do 700 

, do 700 

do 700 

Unbleached linen, saah. . . 600 

, do 600 

, do 600 

, do I 600 

do ' 600 



Diameter 
meaaared. 



640. 068 |0. 100 



640.068 

640.068 

640.068 

548.63 

548.63 

548.63 

548.63 

&48.63 



.122 
.1.TO 
.175 
.225 
.225 
.280 
.285 
.335 



2.640 
3.094 
3.530 
4.445 
5.715 
5.715 
7.112 
7.239 
8.509 



Weight. 



8.0 
14.5 I 
15.5 
24.0 { 
31.5 
33.5 I 
51.0 , 
54.0 
70.0 



S4 



3.628 
a 577 
7.030 
10.886 
14. 288- 
15. 195 
23.133 
24.494 
31. 751 



Faking-box. 



"Weight. 



I; I 



ia5 * 

24. 

31.5 ! 

36.5 

35.5 



10. hA- 
10, ?■-. 
14. -J-- 
16. .V.« 
16. 1'C 



tensile strength and elongation of braided shot-lineSy ^n€Ule of linen thread by Silrer Lnh 

Company t wat^r-proof finish. 






ii 



Material 



:^ 



I 



3i , lAnon, 1 

4 I do 

4* do 

6 I do 

6 I Unbleached Unen, aaah . 

7 I do 

8 do 

9 do 

10 do 



D^^ovt..,* «.<>«,*i«f • I Stretch in six feel of 
Breaking weight. j^^ 



Pound*. I KQogramB. Inchee. i ^^^^ 



91 


41.277 


5. 


127.'* 


137 


62.142 ' 


8. 


2»U-.'" 


145 i 


65.771 ; 


7.5 


IS*-*. :> 


268' 


121.563 ' 


7.5 


iwi :-' 


337 1 


152. 862 


12. 


3<4. T • 


410 ' 


185.974 ' 


12. 


3«4 :• 


480 1 


217.726 , 


11. 


'ji'* i.^ 


624 


273. 044 ! 


13. 


3.V. : • 


709 1 


34«.816 


13. 


'^i- \.' 



Table V. 
A. 

Experimental braided shot-lines, unbleached Unen thread, made by Silver Lake Company. 









Length. 


Diameter 
measured. 


Weight 


Faking-box. 


i i 
















Weight. 


1 
i 


i 

c 

-3 


Material. 


^ 


t 


1 


1 


i 


1 


i 


1 i 

i\ I 

2 1 = 


i^ a 




PH 


^ 


>y 


S 


(£ 


s 


B 


& ^ 


1 4 


Unbleached linen 


700 


640.068 


0.127 


3.226 


14.5 


6.577 


23. 5 1»^ '^* 


1 4 1 Unbleached linen, W. P. . 


700 


640.068 


0.125 


3.175 


16.5 


7.484 


B 25.0 1 11 .A 



Note. — These lines are invoiced as "Dark linen." 
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TmiU strength and elongation of braided shot-UneSj made of unbleached linen thread by the 

Silver Lake Company, 



5 


3 

i 




Material. 


Breaking weight. 


Sfcretch in six feet 
of line. 


Kemarks. 


- c 

s 
Z 


Pounds. 


KilogTamB. 


Inches. 


Millime- 
ten. 


1 


4 
4 


Unbleached linen 

rnbleacliedUnen,W.P. 


172 
145 


78. 018 
65.771 


7 
9.5 


177.8 
241.3 


Ordinary finish. 
Water-proof finish. 



III. Reel fok shot-lines. 
(Plate XXXV.) 

It was found necessary during the experimental firing to have some 
method of taking up the lines rapidly, and, at the same time, one that 
would keep them from becoming entangled. 

A light reel was designed for this purpose which answered all the 
miidrements. This simple contrivance consists of a frame, reel, and 
crank of wood, and of two wire pins. 

The frame is dovetailed together, and has four small D-rings attached 
to it by bits of leather. These rings engage with the snap-hooks of the 
carrying-braces. The reel is composed of an ai'bor, carrying cross-pieces 
at each end. The arbor is retained in the frame by the wire pins. 

A strip of leather passes over the extremities of the cross-pieces at 
each end to keep the radial arms from catching in the line when winding 
it up. 

Dimensions and details of construction may be seen in the drawings •. 
Weight of reel complete, 8 pounds. 

IV. Carrying-braces for reel. . 

(Plate XXXVI.) 

These braces were made to carry the reel and frame. 

They consist of a waist-belt and a set bf light cross-belts or braces, 
with snap-hooks for attaching the reel-frame. 

The operator walks along, winding up the line as he proceeds^ thus 
pre-serving the line from injuries which would result from dragging it 
through the sand, over rocks and bushes. (See plate for details. )» 
Weight, 1 pound. 
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CHAPTER VII. 

FAKING-BOXES. 

These boxes are designed for placing the shot-lines in position for 
firing. The lines are stowed away in the boxes in a peculiar manner, 
called <^ faking." The method is one adopted by the English for the 
stowage of their rocket-lines. 

I. FAKiNa-BOX A (large). 

(Plate XXXI.) 

1. Deseriptum. 

Inches. Centim'ra. 

(Length 36.0 =91.438 

External dimensions < Width 19 9 =50.545 

( Depth 12.75=32.384 

(Length 34.9 =88.644 

Internal dimensions < Width 18.8 =:47.751 

(Depth 12.2 =30.937 

2. Weight 

Lbs. Kilos. 

Average weight, empty 35 =15.874 

Average weight, with ^ * braided linen line, Sil ver Lake Co. , No. 6, " about . 66. 5 =30. 163 

Average weight, with '^braided Unen line No. 7" 68 =30.843 

3. Material. 

This box is made of well-seasoned white pine. The faking-pins are 
made of hickory, and the frame for these pins of ash. 

4. Nomenclature and dimensions. 

Inches. Centim'ra. 
(Length :«.0 =9L438 

1 top Mvidth 19.9 =50.545 

( Thickness 56= 1.397 

(Length 36.0 =91.438 

2 side pieces, same size < Width 12.2 =30.937 

(Thickness 55= 1.397 

(Length 19.9 =50.545 

2 end pieces, same size < Width 12.2 =:30.937 

(Thickness 55= L397 

(Length 34.6 =87.882 

1 "false bottom '^ ^ Width 18.6 =47.243 

(Thickness 55= L;W7 

Frame for faking-pins, 

(Length liS.O =96..519 

2 side pieces, same size < Width 3.75= 9.525 

(Thickness 9 = 2.2H6 

(Length 21.0 =53.339 

2 end pieces, same size < Width 4.2 =10.66"? 

(Thickness 9 = 2.286 
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Faking-pim. 

Inches. Centim'rs. 
Total length 12.4 = 31.495 

C Lengrth 11.5 = 29.209 

Body <? Greateet diameter 1.0= 2.540 

( Least diameter 35= .889 

RnT«w 5 Length 9= 2.286 

Screw.... J j^^^^^ 7^ J77Q 

(Length 6.2 = 15.748 

Scleatsforropehandlesy same size.*? Width 2.0= 5.060 

^Thickneau 1.4= 3.566 

2h.„aie.he„.prope {^SC^-::::::-:"::\:::::''-iz'^ 

2 hasps, metal, for fastening box to frame. 

5. Canstruetian. 

The sides and ends are dovetailed together at the comers. The top 
is nailed to the ends and sides with one-and-a-half-inch and six-penny 
finishing nails. The cleats carrying the rope-handles are fastened to 
the hox, one at each end^ by four smaU screws. 

The <^ false bottom" has a row of holes, V.2 (3.05 centimeters) in dia- 
meter around the perimeter. Along the sides and ends the centers of 
these holes are situated V'.3 (3.3 centimeters) from the edges. The 
distance between the centers of any two consecutive holes is 2" (5.08 
centimeters). 

The sides and ends of the frame for the faking-pins are put together 
^ith mortises and tenons. 

Along the sides, the centers of the screw-holes for the faking-pins are 
placed 2".5 (6.35 centimeters) from the outer edges ; the centers of these 
holes are 3" (7.62 centimeters) from the outer edges along the ends of the 
tiraroe. 

The distance between the centers of any two consecutive screw-holes 
iH 2" (5.08 centimeters). 

The holes are bored and tapped to form a coarse-threaded female 
.^•rew. 

There are seventeen holes on each side and seven at each end of both 
the bottom and the frame, making forty-eight holes in each. 

The foking-pins are turned in a lathe from pieces of hickory of the 
proper length. The body is a frustum of a cone. The upper end is 
slightly rounded oflF. A coarse, cylindrical screw is cut upon the lower 
<*n(l. 

A metallic hasp which passes over a button attached to the end of the 
1k)x is fastened to each end of the frame, and serves to hold the frame 
and box together in transportation and handling. 

In the boxes usually made for the United States Life-Sa^ing Service 
an iron staple takes the place of the hasp, and a staple and hook of the 
same material supplants the button; but they form a very insecure 
fastening. In handling the boxes the hooks are apt to become dis- 
♦^ngaged and let the frame and line fall, thus ihcreasing the chances of 
entangling the latter. 

Tlie outside of the box is painted a deep blue, with narrow marginal 
stripes of red. 
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6. Maries. 

The letters "U. S. L. S. S.'^ are painted in ir^tteupon the top. 

11. FAKiNa-BOX B (small). 
(Plate XXXII.) 
1. Description. 



Inches. Centim're. 



SLeneth 24.0 = 60.a5D 
Width . 



External dimensions I Width 16.0 = 40.6:tt> 

( Depth 12.8 = 32.511 

Length 22.8=57.911 

Internal dimensions ^ Width 14.8 = 37.591 

Depth 12.2 = •30.9:}7 



-1 

2. Weight. 



Lbs. Kilos. 

Average weight, empty — 24 = 10.?:^'^> 

Average weight, with "linen line No, 4," abont 36.5 = 16.5r><> 

Average weight, with "linen line No. 4^," about 37 = le./c^'i 

3. Materials. 

The box and "false bottom" are made of white pine; the faking-i)ius 
of hickory; the frame of ash; aU well seasoned. 

4. Nomenduture and dimensions. 

Inches. Centim'n*. 

(Length 24.0=60.959 

Itop { Width 16.0 = 40.«}9 

< Thickness 6= 1.524 

( Length 24.0 = 60.959 

2 side pieces, same size < Width 12.2 ^ 3(K9:?7 

(Thickness 6= 1.524 

( Length 16.0 = 40.(vfi) 

2 end pieces, same size.. < Width 12,2 = 30.937 

( Thickness 6= 1.5*24 

( Length 22.6 = 57.4(tt 

1 "false bottom" I Width 14.6=37.(>Kt 

^Thickness 6= 1.5*24 



Frame for faMng-pins, 

i Length 2(>.0 = 66.0:«» 

2 side pieces, same size < Width «•..- 3.7= 9.1tt^ 

^Thickness 9= 2.2^ 

( Length 17.0 = 43.1T9 

2 end pieces, same size \ Width 4.3 = 10.1^2*2 

( Thickness 9= 2.2'^> 

Falcing-pins. 

Total length l*2.4 = 31.49o 

(Length 11.5 = 29.209 

, Body ....< Greatest diameter 1.0= 2,540 

\ ( Least diameter 35= .f^ 

Q..««. 5 Length 9= 2.2Ht> 

Screw ...-<—• ^ - • — -> 



32 pins, same size. 



Diameter.... 7= l.TTf* 



Digiti 



ized by Google 



UNITED STATES LIFE-SAVING SERVICE. 89 

Inches. Centim'rn. 

. (Length 6.2=15.748 

2 cleata for rope handles, same size < Width 2.0= 5.080 

(Thickness L4 = 3.556 

^bandies, hemp rope j ^i^e^te;:::;::;:::::;::::: '^"^ t-^? 

2 hasps, metal, for fastening hex to frame. 

5. Construction. 

The general construction of this box differs from the one given abovo 
in the following particulaps only, viz : 

1. In having 32 instead of 48 faking-pins. 

2. In having 32 instead of 48 holes in bottom. 

3. In having 32 instead of 48 screw holes in frame. 

The distances of the holes, etc., from the outer edge of the bottom and 
of the frame, and from each other, are identical in the two erases. The 
painting and marks are also the same. 

Note. — ^The two sizes of faking-boxes given above are issued to life- 
saving stations at the present time, and correspond to the two sizes of 
shot-lines issued. 

III. Faking-box C (large, square). 

(Plate XXXIII.) 

1. Description. 

Inches. CentimVs. 

(Length 24.0 = 60.959 

External dimensions < Width 24.0 = 60.959 

( Depth 12.8 = 32.511 

( Length 22.9 = 58.165 

Internal dimensions < Width 22.9 = 58.165 

I Depth 12.3 = 31.241 

2. Wei-ght. 

Lbs. KiloM. 

Average weight, emnty 33 =14.968 

Average weight, witn * ' linen line No. 5, " ahout 57 = 25.854 

3. Materials. 

The materials for this box are the same as those used for the preced- 
ing boxes. 

4. Nomenclature and dimensions. 

Inches. Centlm'rs. 

(Length 24.0 = 60.959 

Itop ^ Width 24.0 = 60.959 

(Thickness 5= 1.270 

( Length 24.0 = 60.959 

2 Hide pieces, same size < Width 12.3 = 31.241 

(Thickness 55= 1.397 

(Length 24.0 = 60.959 

2 end pieces, same size < Width 12.3 = 31.241 

(Thickness 55=1.397 

(Length 22.6 = 57.403 

I'^fiUsehottom" ? Width 22.6 = 57.403 

/Thickness 6= 1.524 

Tap 
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Frame for faking-pins. 

lucliea. Contini'rR. 

( Lencrth 25.8 =65.5:U 

2 side i)iece8, sauie size < Width 3.7 = 9.:^ 

(Thickness 9= 2.286 

( Length 24.75=62.86 

2 end pieces, same size < Width 4.3 = 10. 1>2 

(Thickness 9= 2.'i«() 

Faking-pins. 
Totallength 12.4 =31.495 



40 pins, same size . . 



(Lf 
He 



Length 11.5 =29.2(^ 

Body -^ Greatest diameter 1.0= 2.r>40 

Least diameter 35=: .881) 



Screw J Length 9= 2.2-^^ 



)iameter 7= 1.778 



( Length 6.2 =15.748 

2 cleats for rope handles, same size < Widt h 2.0 = 5.080 

^Thickness 1.4= 3.55G 

2 handles, hemp rope \ Bt^^^liev::::::::::::::: :::: '':5 = ISS 

2 hasps, metal, for fastening hox to frame. 

IV. Faking-box D (small, square). 

(Plate XXXIV.) 

1. Description. 

Inches. Ceutirn'ra- 

(Length 16.0=40.6:0 

External dimensions < Width 16.0 = 40.a'?J 

( Depth 12.8 =32.511 



( Length 14.9 =37.845 



Internal dimensions < Width 14.9 = ;I7,845 

( Depth 12.3 =31.241 

2. Weights. 

LbB. Kilos. 

Average weight, empty 18 = K164 

Average weight, with * ' linen line No. 3^," ahout 26 = 11.79:i 

3. Materials. 

The materials for this box do not differ from those of the preceding 
boxes. 

N'omenclature and dimensions. 

Inches. Ccntim'ra. 

(Length 16.0=40.6:^9 

1 top { Width 16.0 =40.039 

^Thickness 5= l.*i70 

( Length 16.0 =40.639 

51 side nieces, same size < Width 12.3 =31.241 

(Thickness 55=1.397 

S Length 16.0 =40.6:^9 
Width 12.3 =31.241 
Thickness 55— 1.397 
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1 "false bottom". 



Inches. Centim'ra. 

( Lflnprth 14.55 = 36.956 

.Mvidth 14,55 = 36.956 

(Thickness 6 = 4.064 



Frame for faking-pins. 



C I^n<?th 

2 side pieces, same size < Width 

( Thickness 



2 end pieces, same size . 



tPn<»th . . - 
idfh.... 
Thickness 



( Ler 

..< VVii 

(Thi 

Faling-pins, 



Total length. 



2ipins, same size... 



( Length 

Body < Greatest diameter . 

f Least diameter . . . . 



[^-- IKet-: 



( Length 

2 cleats for rope handles, same size..< Width 

( Thickness 

2 handles, hemp rope l^^^":: "":::.:::::::: 

2 hasps, metal, for fastening box to frame. 

XoTE, — ^The square faking-boxes C and D do not differ 
construction from boxes A and B. They are experimental 



18.0. 

3.7 

.9 


= 


45.719 
9.398 
2.286 


16.9 
4.35 
.9 


= 


42.925 

11.049 

2.28S 


12.4 


= 


31.495 


1L5 
LO 
.35 


= 


29.209 
2.540 

.889 


.9 
.7 


z=z 


2.286 
1.778 


6.8 
2.0 
L4 


= 


15.74S 
5.080 
3.556 


18.0 
.5 


= 


45.719 
1.27©' 


materially in 
boxes. 
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PART III. 
RECORD OF EXPERIMENTS. 

The experiments are divided into two series ; the first series compris- 
ing those made at Springfield, Mass., in the autumn of 1877 ; the second, 
those made at Sandy Hook, N. J., in the spring of 1878. 



CHAPTER I. 

FIRING-GEOUKDS. 

I. Firing-ground at Springfield, mass. 

(Plate XXXVII.) 

Considerable difficulty was experienced in finding a suitable firing- 
ground in convenient proximity to the National Armory. The grounds 
possessed by the United States Government afforded too limited a range 
to be of any practical utility. The government for its own purjwsea 
used ranges over water in experimental firing ; but though the ultimate 
object of the present trials was to determine the best means of throwiug 
lines over an intervening space of water, it was especially undesirable 
during these trials to have such an inconvenient obstruction between tlie 
initial and objective points of the firing. 

Some of the chief requisites of a good firing-ground for making exi>eri- 
ments in throwing lines are: 

1. That it should present an adequate range. 

2. That it should be nearly level. 

3. That there should be no obstacles to interfere with the attainment 
of a good view of the shot and line throughout the trajectory, nor witli 
t<aking up tlie line after firing. This condition rejects a range over water 
not only on account of wetting the line, thereby increasing its weight 
and rendering the result of the subsequent shot incomparable with one 
made with the dry line, but also by increasing the physical difficulties of 
taking up the line and replacing it in the faking-box. 

It also rejects ground covered with briars or other prickly plants or 
shrubs whose prickles penetrate and break off in the line when it is drawn 
through them, thus rendering the handling of the line both difficult and 
painful. 

4. That the extent of the range should be great enough to enable the 
observ^er to note the point of fall of those shot that break the line and 
pass far beyond the limits which they would attain if the line remained 
intact, in order that the shot may be easily recovered for subsequent 
use. 

6. That human habitations should not be in or near the plane of fire. 

After some time spent in prospecting for a spot suited to the object in 
view, one was selected about one mile from the city of Springfield,^ 
Mass., but still within the city limits. It consisted of two strips of 
meadow-land nearly level for about 700 yards ; the extremity of the range 
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farthest from the guiji haying the greater elevation. The ground pre- 
sented a very clear range of 687 yards between the two tracts of timber 
land at its extremities. 

The disadvantages were, that the firing had to be done over a much- 
traveled road, that the land closely adjacent was often occupied by la- 
borers, that the nearness of the city enabled many idlers, especially boys, 
to congregate in the vicinity of the plane of fire. The delays and an- 
noyances due to these causes were many and oftentimes very trouble- 
some. All the appurtenances of the range had to be set up and removed 
at each visit to prevent their wanton destruction by tramps or thought- 
less boys. 

No difficulty was experienced in obtaining the necessary permission 
fi"om the municipal authorities to fire within the city limits and over the 
roadway. They merely required that sentinels should be stationed on the 
road to warn passers bj', in order to prevent accidents. 

The land occupied was owned by Mr. E. W. Bond, president of the 
Massachusetts Mutual Life Insurance Company, and Mr. James Kirk- 
ham, president of the First National Bank of Springfield, both of whom 
very kindly and generously allowed it to be used without asking for any 
compensation. 

At the firing i)oint a gun platform was constnicted to avoid the tear- 
ing up of the ground due to the recoil in continued firing. 

This platform was 8 feet long and 6 feet wide, made of 2-inch deck 
plank spiked down upon 4 sleepers. The sleepers were 8 feet long, with 
a cross-section of 10 inches square, and were bedded in the ground flush 
with the surface. Immediately in front of the center of the platform 
was driven the initial stake from which the range was measured. The 
muzzle of the piece was placed directly over this stake in firiug. From 
this point the range was laid off by means of a tape-line 100 feet long ; 
and a stake, with its distance in yards from the origin marked upon it, 
was driven down at 100 yards, and at each additional hundred yards 
from the initial point. Intermediate stakes were driven at intervals of 
25 yards between those which designated the lOOyard points. This 
arrangement greatly facilitated the measurement of the ranges of the 
shot. 

Later a second range was laid out from the same origin, but so inclined 
as to clear the point of the woods^ in which several shot had been lost 
by the breaking of the lines. This range was marked at each hundred 
yards by an appropriately-numbered stiike. 

The ranges were remeasured, to preclude any possibility of error. 

To the right and rear of the gun platform was erected a shelter 7 feet 
long and 6 feet high, made of 10-inch timber, to screen the firing party 
when testing new guns with heavy charges. Every precaution was taken 
to prevent accidents. The guns were always fired with a lanyard and 
service primer. When firing, range flags were placed at the 300, 400, 
and 500-yard stakes, to mark the line of fire. In every case the gun was 
pointed so as to bring the plane of fire to coincide with the line of flag- 
staves. Twenty-five yards to the right of the 200-yard stake was placed 
a Casella anemometer, to measure the approximate surface velocity of 
the wind. This instrument was placed a little over five feet from the 
ground. It occupied a clear space, removed from any obstructions that 
would modify the velocity of the surface current of air. The direction 
of the wind with reference to the line of fire was estimated from the po- 
sition assumed by a vane five feet long, situated at the same spot as the 
anemometer. 
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Oeneral method of firing. 

The practice usually observed in firing was as follows : 

1. To set up aud align the range flags. 

2. To place the anemometer in position and take the initial reading. 

3. To place the faking-box containing the line in position for firing. 

4. To point the gun so that the vertical plane through its axis would 
coincide with the fine of flags as closely as possible. 

5. To charge the piece with a cartridge containing the powder. 

6. To attach the line to the shot and insert it in the piece. 

7. To give the proper elevation. 

8. To prick the cartridge and insert the friction primer. 

9. To lire the gun. 

10. To take the reading of the anemometer. 

11. To measure the range. The distance from the nearest stake to 
the point where the shot fell is measured with a pole 10 feet long aud 
then reduced to yards, and added algebraically to the number of yards 
on the stake. 

12. The deviation of the shot to the right or left of the line of fire is 
measured in feet with the same pole. 

13. The bowing or drift of the slack of the line from the plane of fire 
at the 300-yard stake is measured. 

II. — Firing-ground at sandy hook, n. j. 

The second series of experiments were conducted at the ordnance 
"proving-ground'' at Sandy Hook, N. J. 

Permission to use these grounds was granted by General S. V. Beni^t, 
Chief of Ordnance, and Col. S. Crispin, constructor of ordnance, Uniteil 
States Army. 

A range was laid out along the sandy beach, carefully measured, and 
marked by stakes, as in the preceding instance at Springfield, Mass. 

Eange-flags were used to indicate the ])]ane of fire. 

A guji-platform 13 feet square was placed at the firing-point, which, 
though it allowed the gun and carriage to recoil more in firing, was a 
necessity where continued experiments are carried on in tlie yielding 
sand. 

A Casella anemometer was mounted on a staff 5 feet high and placed 
about 20 yards to the right of the 200-yard stake, for the purpose of ob- 
taining the velocity of the wind at the surface of the ground. 

A vane was placed at the same point, to determine the direction of 
the wind with reference to the plane of fire. 

Tlie velocity of the wind at an altitude of about 50 feet above the 
surface of the ground was taken, whenever possible, at the office of the 
Ordnance Board, a short distance in rear of the firing point. 

On a subsequent page are given the velocities of the wind during the 
hours of experimental firing, as indicated by the self-registering appa- 
ratus in the office of the signal-service observer. 

Tlie two instruments last referred to are Robinson anemometers, an^l 
are by no means so delicate in their indications as the Casella air-meter 
used for the surface velocities. 

In the tables giving the results of the firings, the long arrow, running 
the whole length of the column, marked ** Wind direction," represents 
the intersection of the plane of fire with the surface of the ground and 
the direction in which the guns were pointed. 

The short arrows indicate the direction of the wind with reference to 
this line. 
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1 Synoptical transcript of notes from the firing record. 

3 INCH M. L. RIFLED MORTAR — BRONZE. 



Date. 



1877. 
Sf pt. 22. 




Oct. 



2 



27. I 4 



10. 



10 



^^^jn^^^ 



Rifle projectile. — Gas entered axial cavity notwithstanding sabot, and 
blew the cap oft*; cutting the retaining-screw entirely off, carrying 
the knot, rubber tube, and wasber out at the front end of the shot. 
When the resistance of the line drew the rubber tube and knot back, 
the fonner caught on the forward end of the shot, introverting a 
portion of the tube and cutting off the line. About 20 yards of 
line carried out. Rubber tube found about 150 yards in front of gun. 
A good line-shot, ranging 723 yards and striking a tree, 40 feetironi 
the ground. Projectile recovered. 

Rifle projectile. — The cap was not blown off, nor was any trace of 
gas found in the axial cavity. The shot and line were recovered ; 
the rotation of the shot due to the rifled motion twisted the line 
ba<lly. The line assumed a spiral fusiform shape in rear of the pro- 
jectile ; the spirals near the shot being veiy small and increasing 
in amx)litude with their distance in rear of it, until a point within 
about 50 yards of the faking-box was reached, fix>m which point to 
the box the amplitude of the spirals decreased. This tapering of 
the spirals in roar of the shot increased greatly the resistance of the 
air and diminished the range. 

Rifle projectile. — Line carried out 25 or 30 yards; end appeared as 
if burned off ; shot lost. One sabot recovered. 

Rifle projectile.— Copper- wire rope int^^rposed between shot and 
line, broke. Forty yards of line carried out. Gas entered axial 
cavity and started the brazing of the cap. Projectile rotated about 
its shorter axis and struck upon its side. 

Rifle projectile. — ^The cap being lost the line was knotted over a 
lead washer and inserted in the gun point first, with two sabots 
to rest upon and prevent the gas Durning off the knot. The shot 
was fired base first, took the rifled motion, and when it felt the strain 
upon the line it reversed, but retained the rifled motion and un- 
dulated up and down in the trajectory. The line was twisted as 
before. 

Rifle projectile. — This shot was placed in the gun like the preceding 
one and tired base first, but when It reversed it did not proceed 
point foremost, but continued to rotate about its shorter axis. The 
rotation of the shot twisled the line. 

Smooth-bore projectile. — ^The bowing or drift of the shot-line from 
the line of fire at the 300-yard stake was 129 feet to the right. Tho 
shot kept point foremost after reversing and the resistance of the line 
kept it so. 

Rifle projectile. — Used one wooden and one Cordes sabot. Gas pene- 
trated axial cavity, burning off the line, which was found to be 
still burning when examined. Shot lost. Range unknown. Ac- 
tion in trajectory unknown. 

Smooth-bore projectile. — This shot rotated about its shorter axis dur- 
ing its whole night ; the line did not experience resistance enough 
to keep the shot point first. Wind directly across line of fire, veloc- 
ity about 6.'S7 miles per hour. The line bowed 226 feet to the right 
at the 300-yard stake. 

Rifle projectile. — The shot was fired base first. The base was turned 
off, forming a frustum of a cone, and the longitudinal groove for the 
line (along the side of the shot) was partially filled with lead. The 
escape of gas in firing cut out lead. The shot rotated about its 
shorter axis in the first part of the trajectory and kept point first 
during the latter part of its flight. Shot penetrated two feet into 
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Date. 






i 


1877. 




Oct. ID- 


11 




12 


13 


13 




14 


24 


15 




16 


Not. 3 


17 




18 


12 


19 




20 



the ground in falling. Line twisted and lay in loose coils in the 
vicinity of the point where the shot struck. The line bowed 68 feet 
to right of 300-yard stake. 

Smooth-bore projectile. — Line ran out beautifully. Bowing of line, 
14 feet to right of 300-yard stake. Escape of gas through ride» 
diminishes ran^e. 

Smooth-bore projectile. — Bowing of line, 33 feet to left of 300-yard 
stake. Velocity of wind probably greater than given, as the inter- 
val between readings in this case was 63 minutes, and the wind waa 
increasing all the time. Escape of gas through the rifles affected 
the range. 

> Smooth-bore projectiles. — Line burnt off in each case and shot lost. 

) Range uncertain, probably over 800 yards. Both shot rotatod 
about shorter axis. Faking-box placed 9 feet to left of platform ou 
windward side. Line burned off m loop in each case ; end of line on 
fire when examined. The length of tue powder-charge was such 
that it greatly increased the gas-escape through the grooves. 

Smooth-bore projectile. — Bowing of line, 13 fe«t to right at the 300- 
yard stake. The line was all carried out and the end dragged 115 
feet from the box towards the front. Shot penetrated earth IS 
inches. Reading of anemometer uncertain, not properly adjusted ; 
but result varies but little from the truth. 

Smooth-bore projectile. Bowing of line, 9.5 feet to left at 300-yard 
stake. The line was all carri^ out, the loose end being dragged to 
the front a distance of 128 feet. Shot buried 2 feet in the ground. 
Projectile rotated about its shorter axis three or four times in the 
first part of the trajectory. Wind-velocity 5.2 miles per hour. 

Smooth-bore projectile. — ^The shank broke off close to base of shot. 
It broke when the shot reversed and brought the strain upon tbt* 
shank, which accidentally had been made of steel instead of wrought 
iron. Shot lost. About 100 yards of line carried out. 

Smooth-bore projectile. — Shot with very long shank ( 10 inches). Fak- 
ing-box to left of gun-platform. Bowing of line, about 200 feet to 
right at 300-yard stake. Wind, 10.864 miles per hour. 

Smooth-bore projectile. — Shot carried away 75.5 feet of hemp line, 
which probably broke at or near a spot that had been partially cut 
through previously by whipping against edges of box. Shot r«»- 
covered. Range over 900 yards. 

Smooth-bore projectile. — Bowing, 70 feet to right at 300-yard stake. 
Shot had 10-inch shank. 
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Dat«. 



1877. 
Nov. 3 



8 
9 

10 

11 
12 
13 
14 

15 
16 



12 I 17 



Line broke. Shot carried away 22f yards of line. The detached por- 
tion of the line was partially cat through in two places ; one. cut or 
break was 4f yards from loose end (or 18 yards from projectile), and 
extended half-way through the line ; the other was a slight cut 
nearer the shot and not so deep, A few yards of the line was faked 
upon the ground in about 18-inch lengths. The vibrations of the 
line were violent, whipping badly across the edges of the box and 
cutting off the line. Projectile recovered. 

The bowing of the line nt the 300-yard stake was 119 feet, and was a 
little greater at the 400-yard stake. Velocity of wind, 9.71-}- miles 
per hour. 

Broke linen line No. 1. Shot lost. 

Bowing of the line 136 feet to the right of the 300-yard stake. Ve- 
locity of the wind, 10.2 miles per hour. Line knotted ba<lly by 
some of the fakes slipping under others. The line wa« cut half off 
about 20 yards from the i)rojectile by striking the edge of the fak- 
ing-box. The vibrations of the line were so violent as to split the 
end of the box 4 inches from the top. 

Line burnt off by flames of gas escaping around shot through the 
windage. Burnt off at point of attachment to shot. Projectile 
lost. Kange over 1,000 yards. Faking-box placed 15 yards in front 
of the gun. 

Shot turned over and over about its shorter axis. 

Projectile rotated three or four times about its shorter axis in a plane 
nearly horizontal and then oscillated up and down during the re- 
mainder of its tiight, keeping its head or point to the front. 

Wind, light and variable, changing direction often, 

A knot in the line from the fakes slipping under each other and loop- 
ing. 

Bowing of line, 24 feet to the left at the 300-yard stake. The bore of 
the gun noticed to be slightly enlarged. 

Bowing of the line, 22 feet to the left at the 300-yard stake. 

Bowing of the line, 54 feet to the left at the 300-yard stake. 

Bowing of the line, 67 feet to the left at the 300-yard stake. 

Italian hemp line No. 2. Broke near box. No line carried out. Prob- 
able range over 750 yards. Projectile rotating about shorter axis. 

Same remark as preceding shot. 

Linen line No. 2. Bowing of line, 50 feet to the left at the 300-yard 
stake. 

Bowing of line, 23 feet to the right at the 300-yard stake. Elevation 
of piece too great. Trajectory too high, requiring mure line than 
was necessary for the range attained. The resistance of the air on 
the falling line was so great that, when descending, the projectile 
appeared to fall almost vertically for quite a distance. 

Line broke. Projectile lost. 

Line (linen No. 1) broke. Initial velocity of projectile too great. 
The rapidity of vibration of the rope in running from the fakiug- 
box was so violent as to knock out the upper part (4'' wide) of one 
end of the box, though the corners were dovetailed together. The 
fakes in the rope were too long to be used with projectiles having 
such great initial velocity as this shot. The sabot (Cordes) was a 
failure, the gas passing it and entering the axial cavity ; the press- 
ure of the gas inside the shot was so groat that the head wai blown 
off and lost. A portion of the shot and sabot were recovered. 
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1. Synoptical tramcript of rwtes from tlw firing record. 
Gun a. — 2,5 inches caliber. 



Date. 



1877. 
Nov. 21 



"A 



I 



1 j No remarks. 

2 I Line broke ; shot carried away 90 feet of line ; shot recovered. Range, 
! over 900 yards. 

3 I Forty-six feet of linen line (No. 1, diameter 0".22) tied, one end to shot 
! and the other to the Italian hemp line No. 1, to receive the first 

shock of discharge. When tired the knot came loose with a noise 
I like the explosion of a friction primer. 

4 ! The bowing or drii't of the line from the line of fire was 110 feet at the 
! aOO-yard stake. 

5 Linen line No. 1 cut off at 105 feet from the shot by whipping 
against the edge of a slight notch in the side of the faking-box ; 

I shot and attached portion of line recovered. Range over 900 yards. 

6 ! Bowing of line at 300-yard stake, 71 feet. 

7 1 Bowing of line at 300-yard stake, 84 feet. 
22 8 New braided line, "No. 3^ linen, bleached." Deviation of line from 

plane of tire, 75 fe«t at 300-yard stake and 86 feet at 400-yard stake. 
About 775 yards of line carried out of box. Six knots found in line ; 
These were small loops formed by some of the fakes slipping under 
others and being drawn into a knot by the rapid vibrations of the 
line. The pnyectile penetrated two feet iut-o the ground. The gun 
and bed turned upside down after sliding from the platform, due 
to the surface of the latter being 6 inches above the ground in rear 
of it. 
9 I Line broke ; shot carried away 27.5 yards of line. A small knot found 

I 20 yards from projectile. The range was about 1,000 yards, deviat- 
ing slightly to the left of the line of fire. The shot struck a tree, 

j breaking the shank off at the beginning of the screw-thread ; both 

I shot and line recovered. The snot and attached piece of line de- 
scribed an undulatory path, in a vertical plane. 
10 Line broke ; shot carried away 21 yards of line. The line (the de- 

I tached portion) was found to be nearly cut through at 13 yards dis- 

I tance from the shot, probably due to a knot which pulled out before 

I the Hue was severed ; a small knot was found 20 yards from shot. 

I The range was about 40 yards ^eater than the preceding shot ; the 
deviation was slightly U) the right ; the projectile rotated horizon- 
tally about its shorter axis. 
In this and the preceding case the frayed ends of the broken line were 

I 1".5 long, appearing as if combed. This length (1".5) was greater 
than any hitherto found to occur with any line used ; the braided 
lines having usually broken sharply off without leaving the ends 
frayed more than a fraction of an inch. Several knots were also 
found in ditierent parts of the line. The faking-box testified to the 
violent vibrations of the line in running out, by the indentations 
I made in the edges, sides, and ends of the box by the line. From 

I these facts it would appear probable that some of the fakes caught 

each other and looped, and were drawn sharply against or across 

I the edge of the box, forming a knot whose resistance was sufficient 

I to cause the severance of the line. 

27 : 11 Line drifted 353 feet to left of plane of fire at 400-yard stake. All the 

I line (751 yards) was carried out, together withpart of piece of old 
line (0".22 in diameter) which had been attached to the shot-line. 
The shot in the last portion of the trajectory fell in a line closely 
approaching a vertical ; in fact, it appeared from the firing-point 
as if suspended by the line. After the projectile ha<i passed over 
about ouo-half of its descent, the light line becoming slack, was 
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1: Synoptical transcript of notes from the firing record — ^Continued. 
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g 


Date. 


o 




o 
"A 


ia77. 




Nov. 27 


12 




13 




14 
15 




16 



drifted off by the wind, whose velocity near the npper part of tlie 
triyectory was much greater than that near the surface of the 
gixjund. Six small knots or loops were found in the line. The 
great bowing of the line was due to its lightness, the high angle of 
elevation, the velocity of the wind high above the surface of the 
plain, and the fact that when the shot was descending there was 
little or no longitudinal strain. 

Line broke; shot carried away 37 yards of linen line No. 2; both re- 
covered. Faking-box is too long for use with this initial velocity 
for projectile. The vibrations of the line were very violent ; the 
box showed indentations where the faked loops had been sunk into 
the wood by the whipping. 

With six ounces of Hazard musket-powder the base of the i>rojectile 
(L. 3), experimental No. 11, was flush with the face of the muzzle. 

Shot carried away 28 yards of line (Italian hemp No. 2). 

Linen line No. 2: The line bowed 05 feet to the left of the 300-yard 
stake. This line was faked in the small boxes " B," filling two of 
them. By placing in this size box the amplitude of the lateral vi- 
brations is much diminished. 

Italian hemp line No. 2; The bowing measured at the 300-yard stake 
was 124 feet to the left; angle of elevation too great for the wind 
that was blowing. 
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1 


Bate. 




o 




i 


1878. 




May 14 


1 



6 

7 

8 

9 

10 

11 



14 



21 15 



19 



Italian hemp line No. 4^ emptied into a pine packing-box before 
firing. Lateral vibrations of line sufficient to loosen the nails in 
both ends of box. End of line found in crack between end and side 
of box. The line was probably cut off by being drawn violently 
across sharp corners and throujjh the crack — uncertain, may have 
been broken. Shot ranged 850 yards, carrying 27 yards of line 
with it. . 

Base of projectile flush with the face of muzzle. Vibrations of line 
knocked 'the bottom and end out of the feking-box (A). 

Line (hemp No. 7) broken squarely off. Sixteen yanls of line left at- 
tached to shot, which struck the ground 9H0 yards from the piece. The 
vibrations of the line split the end and side of the faking-box (A) 
into 4 or 5 pieces. The two faking-boxes above mentioned were 
rendered useless for further service in transporting liues. 

No remarks. 

Line (hemp No. 10) emptied into the two faking-boxes (A) mentioned 
in rounds 2 and 3. [These boxes will be referred to in following 
shots as **old faking-box A," &c. They were used (or at least 
one of them) until the 14th round to avoid breaking up new boxes.] 
Bevel on rear end of shot extended beyond face of piece. 

Lino (No. 8) emptied into 2 old faking-boxes A, and part left in box B. 
Half of bevel at base of shot exposed beyond muzzle of piece. 

Line (No. 9) put in 2 old faking-boxes A for firing. Half of bevel on 
rear of shot exposed. 

Line in one old box A. Base of shot flush with muzzle of piece. 

Line ^No. 10) in 2 old boxes A. 

■Line (No. 8) in 2 old boxes A. One electric primer failed to explode. 

Line (No. 7) in 1 old box A. Could not tell whether the line was cut 
on the broken box or was broken bj' vibrations ; 25 yards of line 
carried ott* by shot. Range, 704 yards ; deviation, 5 yards to right. 

Line (No. 7J in 1 old box A. 

Line (No. 6) in 1 old box A. The gun was probably not pointed prop- 
erly by the assistant. The line caught on the broken end of the 
box, which may have changed the direction of the shot somewhat, 
but not enough to account for the marked deviation of the shot. 
The box wa-s on the right of the gun. From the insignificant dif- 
ference between the deviation of the shot and the ** drift," as meas- 
ured from the 300-yard stake, the writer is inclined to the opinion 
that the gun was not properly pointed. The assistant did not recol- 
lect whether he verified the alignment of the gun or not. 

Line (No. 5) in 1 old box A. In the above cases the line was emptied 
from their own faking-boxes into those designated in this transcript 
of remarks. Wind at office at end of 14th round, 20.6 miles per 
hour. 

Line put in tray before firing. The line (No. 9, linen) was fired from 
the coil as received from the manufacturer. The line run out in a 
fusiform helix, each coil putting one twist in the line. For this and 
the subsequent rounds the Casella air meter for determining the 
surface velocity of the wind was placed 50 yards in front of the gun 
instead of 200 yards in front, as before. 

Line emptied into tray. Nearly all of the line carried out. 

Line emptied into tray. Three tiers of fakes Ic^ft in tray. 

Line emptied into tray. Line broke 18^ yards on shot. Projectile 
rotated about shorter axis ; shank slightly bent when shot struck 
the ground. Range, 920 yards. 

Line emptied into tray before firing. 
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Date. 



1878. 
May 21 



22 



20 



26 



27 



Line emptied into tray before firing. In faking, about a dozen coils 
had been placed in the bottom of the box before proceeding with 
the faking ; when ready to fire, these loose coils were on top of 
course, and not being laked in small lengths, allowed excessive 
amplitude of vibration at the instant of discharge. The line broke 
short off, not even taking out all the coils. The fakes below were 
undisturbed. Range of shot, 930 yartls, carrying 61 yards of lino 
with it. 

Line put in tray before firing. 

Line put in tray before firing, in three lots. [Was faked in three 
boxes.] 

Line put in tray before firing. 

Line put in tray before firing. 
The above 24 shots were fired with " electric primers*' for convenience. 

Fired out to sea. Estimates of range made in this and three suc- 
ceeding shots by 4 different persons, all accustomed to estimating 
distances on the water. The recorded range (300 yards) is below 
aU estimated ranges given, so as to be sure to fall within the limits 
of truth. The writer places little faith in cstunated distances, as 
they generally are very inaccurate, especially upon water. 

Fired out to sea. Line wet, rough, stiff^ and covered with sand. It 
lay in loose coils on the beach where it had been hauled in ** hand- 
over-hand" through the water and sand. Action of the line pretty 
good ; a few snarls were seen, but they were very small. Range 
variously estimated from 275 to 300 yards by those present. 

Fired out to sea. Same line hauled in and placed on the sand in two 
loose coils. Line wet and sandy, kinked badly. Range variously 
estimated from 180 to 275 yards; recorded iis between 180 and 2O0 
yards. 

Fired out to sea. Line hauled in and placed in one coil on the beach. 
All kinks or snarls removed. Action of line very good, no snarls. 
Estimated range "about same as last shot," but recorded as 175 
yards. Absorption of water by the line evidently tells more or lesa 
upon the range. 

"Service primers, long," used for the last four shots. The same line 
(Italian hemp No. 4^) and projectile were used in firing the four 
shots to sea. Heavier charges of powder would have been used, hut 
none heavier happened to be at hand at the time. The object of the 
shot was more to witness the action of the line when wet and sandy 
than to obtain any definite range. Action of gun-carriage on sandy 
beach very good. 
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Date. 



1878. 
March 8 



16 



May 11 



13 



20 



22 



23 



9 
10 
11 

12 
13 



14 



For this and the four succeeding rounds the smooth-hore bi*onze gun 
B was mounted upon a block of wood weighing 48 ]>ounds. Italian 
hemp line No. 3^ broke close to the shot. Projectile ranged over 
700 yards, and was lost in a wooded tract of land. 

Shot had no cap and was placed in the gun with it« base toward the 
muzzle. One ^-inch wooden sabot used. A good line shot. 

No cap on shot; one sabot used; base of shot toward muzzle. About 
100 yards of old linen line (diameter 0".22) used, between the shot 
and hemp line No. 3^, to receive the first shock of the discharge. 
The lar^e line broke — probably burned off inside the shot by the 
gas which entered the axial cavity. 

Lead projectile "upset" slightly by the shock of discharge. Only 
one rotation of shot about shorter axis could be detected. Flight 
of shot and action in the trajectory excellent. Bore of g^n found 
to be "leaded/' due to the upsetting of the shot and the consequent 
friction. 

Same projectile used. It had probably been bent slightly by striking 
the ground, and had to be filed a little in order to enter the bore. 

Velocity of wind 18.18 miles per hour as indicated by a Robinson 
anemometer upon the ordnance office at Sandy Hook. This instru- 

. meut was about 50 feet above the surface of the ground and 200 
yards from the firing point. 

Velocity of wind 15 miles per hour by office anemometer just before 
experiments began. Base of shot flush with the face of the muzzle 
when the gun was loaded. Wind variable. 

Base of shot fiush with face of piece. Wind almost calm at instant 
of firing. 

Base of shot flush with face of piece. Wind increasing. 

Base of shot flush with face of piece. 

Base of shot flush with face of piece. Vibrations of line started the 
dovetailing in end of faking-box. 

Base of shot flush with face of piece. 

Base of shot flush with face of piece. Powder charge compressed in 
loading. Wind at office 12.4 to 13.9 miles to 20 miles per hour as 
taken within 10 minutes after round 13 was fired, from the anemmom- 
eter on the building. Wind very variable during the whole fore- 
noon. 

Ba.se of shot flush with face of piece. Projectile rotated about its 
shorter axis throughout the greater part of the trajectory. Vibra- 
tions of line No. 3^ started dovetailing of box D on side next to the 
gun. 
Readings of Casella anemometer not taken at 200-yard stake-— no 
time. Direction of wind variable within small azimuthal limits — 
l^eneral direction, "head wind." Velocity of wind at office (Rob- 
inson anemometer, elevation about 50 feet) varied from 18 miles 
to 24 miles per hour; wind came in gusts; weather damp, and 
showery part of the time. S. I. Kimball, general superint'endent 
United States Life-Saviug Service, audCapt. J.H. Merryman, United 

^ States Revenue Marine, inspector of that service, both present. 

Fired directly against the wind and out to sea. Line either cut on 
button of box or broken ; appeared to be cut ; uncertain. Shot lost. 

Fired out to sea directly against wind. Range estimated by those 
present to be from 400 to 450 yards ; true range unknown ; lowest 
estimate inserted in table. Velocity at office 20 miles per hour. 

Reading of anemometer uncertain ; probably too great. Shot rotated 
several times. Line in tray. 

Line emptied into tray before firing. Shot rotated in horizontal 
plane. 

Line emptied into tray before firing. 
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lOf) 



Date. 



1878. 
May 6 







11 
12 
13 
14 
15 
16 
17 
18 
19 
2() 



10 ,21 

I 



22 



23 



24 ; 



25 



Readinir of anemomt^tor uncertain, in»tniment not leveled. The fr\\\i 
was aittchurj^ed by means of •* service fricrion primers, short,** from 
the Ist t-o the 6th round, both incluKive. 

Anemometer reading uiicerlain. 

Gun probably aimed to the right. 

No remarkH. 

No remarlcH. 

No remarks. 

"Service primer, long"; one failed to explode. These primers wore 
used fixmi the 7th to 20th round, both inclusive. Lanyard used in 
c<mnecti<m with these primers. 

A couple of fakes caught and knotted. 

Two small knots in line. 

One large knot ; fakes got looped over each other and carried out a 
long knot. Velocity of wind 15 miles i)Pr hour, by instniment on 
top of ottice (about 50 feet above the ground), distant about 200 
yards from tiring point. 

No remarks. 

Vibrations of line split the end of the faking-box next to the gun. 

No remarks. 

No remarks. 

Velocity of wind 18.95 miles per hour, by instrument on office. 

Wind very light. 

Wire pulle<l out of primer, and the gun "hung fire." 

Two knots in line, one small and one largo; faka«) caught each other. 

ihie large knot in line ; fault of man who faked the line. 

l>M»sened end of faking-box. Line whipped out in knots, but all the 
knots canu» out while the line was in tiie air. 

Line No. 3^ (Italian hemp) broke near the knot where it was tied to 
linen line No. 7. A piece of new linen lino No. 7, 150 yards in 
length, was fastened to the shot to receive the first shook of the 
discharge, and the other end was made fast to Italian hemp line 
No. 3i. The small line broke, and the shot ranged 550 yards, carry- 
ing the 150 yards of heavy line with it. Tlie shot fell 20 feet to the 
left of the plane of tire. * A careful examination of hemp line No. 
3i disclosed the fact that it \\i\sk quite brittle in fiber, harsh to the 
t-ouch, and that it could be broken easily by using the hands alone. 
Dipping the line in water increased its Wnsile strength very much. 
The fibers of the Italian hemp appeared to be so brittle that the 
snmllest lines made from it are almost worthless, ('ommenced 
using "electric j»rimers" with this round. 

The same piece of linen line (150 yards of No. 7 line) used in above 
round was tied as before to a No. 3^ linen. Either one of the lines 
broke at the knot, or else the knot slipped and came untied. There 
was nothing in the appearance of the ends of the lines to indicate 
which had actually occurred. The shot with the large line attached 
ranged 541| yards, and fell 6 feet to the left of the )dane of fire. 

Velocity of wind at office (elevated anemometer) 12.81 miles per hour. 
The shot carried out all the line (linen No. :H)i tlie end being found 
30 yards from the faking-box There were seven kinks found in 
the line, two of which were pretty bad onas. 

Lino (Italian hemp No. 4i) broke ; cause, lateral vibrations and brit- 
tleness of fibers. Shot carried away 30^^ yards of line. Range of 
projectile, 807 yards; deviation from plane of fire, 60 feet to the 
left. 

Velocity of wind at office 15.93 miles per hour. 

8 AP 
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Date. 



>5 I 



May 10 



11 



26 



27 

28 



30 
31 

:?2 

33 



22 



Started the dovetailiiifc of fnkinpr.liox C, near the top, on the siilo 
nearest to the jjun. This box had cine ha8j) bn>ken in trausportJi- 
tion. The bratiH hinge-pin had been riveted too tiglitly. 
No remarkH. 

Italian lienip line No. 7. Tin' line broke sqnarely off, leaving 27 feet 
attached to the shot. The violence of the n])-and-dowii vibratiniis 
of the line was snflfieient to split the bottom of the faking-box. 
Range of shot, almnf 1,100 yards. 
Broke end of faking-box. Velocity of wind at '>ffiee, from observa- 
tions two minutes apart, was 34.0 miles and 36 miles per hour. 
Five minutes after shot was fired, surface v<*locity of wind was iJ5 
feet and 31.66 feet per stM-ond. 
' Wind gusty. Direction of wind ( " side wind ") caustHl the line to drift 
badly to one side of the plane of fire. A strong rear or side wind 
allows the projectile to move more or less si<lewisi», tlins exposing 
more surface to the action of the air, and, consequently, incn^asinjj 
the resistance of the air and diminishing the range. With a stiimj; 
hea<l wind, the strain of the line upon the obhnig projectile appeflrs 
to kee]) the point up and to ext<*nd the range somewhat. Duriug 
one hour the velocity of the wind was taken at equal intervals at 
the office (anemometer f)0 tVet above the gi'ound) with the follow- 
ing serial results, viz:ll.£4, 19.0, 17.47, *-^1.18, 26.80, 22.H, 22.0, 
19.8, 11.92, 18.7, 24.3, 12.5, 24.0, 22.5, ::().5, 26.4, and 22.5 miles per 
hour. In round No. tiiJ, Italian hemp line No. 4, ** ordinary finifili." 
drifted so far to the leit that it fell into the salt water. Theexart 
"drift"' could not be measured, but was a little moiv than 75 
yards. The line caught on an (dd jetty under the water; two men 
pulling on the wet line could not break it, though each of them 
took a coujde of turns around his arm and placed the line over bis 
shimlder in onler to exert more fully his strength. The line wa.s 
cut in onler to recover it. The wet line was very difUcult to fake, 
being stiff and rendered sticky by the loost»ned starch finish. 
34 Line emptied from faking-box into tray before firing. Shot rotated 
three or four times. 
Line emptied into tray as before. Shot rotated about five or six times. 

Velocity of wind at office 21.9 miles per hour. 
Line emptied into tray as before. All of the line carried out excejit 4 

tiera of fakes. 
Line emptied into tray as before. All of the line but about 50 yard« 

carried out. 
Line t^mptied into tray as before. All of the line cari'ied out. Emlol 
line 10 yards Irom tray. Line had too much paraffiuo on it; felt 
veiy greasy. 
Line emptied into tray as before. All of the line (No. 5) except 9 

tiers carried out. 
Line emptied into tray as before. All b-ut 7 tiers of the line carried 
out. Wind gusty during the above experiments for this AiUf- 
Velocity of wind" at office 17 nnles per hour, immediately afttr 
fortieth round. 
Fired out to sea <lirectly against the wind. No drift to the liH<*. 
About 600 yards of line drawn out of box. Range unknown ; l<»w« rt 
estimate given by those present was over 450 yanls. Pndjably did 
not vary much from that distance. A<*tion*of jirojectile in the 
trajectory <lnring its flight, excellent. Shot n'covei'ed by hauling 
in line. Recoil of gun and carriage, 15 feet. 



, 35 
! 36 



37 

38 



I 39 
I 
40 



41 
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1. Synoptical transcript of notes from the firing record — Continued. 
Gun C. — Caliber, 2.5 inches — Continued. 



Date. 



1878. 
May 22 



42 



Fire<l to sea <lirectly a^ainHt the wind. The line was in loose coils on 
the sandy beach. The wet line was hauled in throngh the water 
and sand " hand-over-hand '^ and coiled witliont any care whatever, 
in order to ascertain what could be done in a similar case when the 
circninstances rec^uired j^reat haste. Tliis line, with the "water- 
proof finish," was stiff, but held less sand awl was not nearly ho 
sticky as that having the ** ordinary finish." It was deposited in 
three coils near together, aiul was fire^l. The first coil, though 
somewhat kinky, ran out pretty well ; part of second coil ran out, 
when the remainder was caaght up by a vibrating loop, forming a 
bail tangle, through which the cord was tlrawn tightly until it 
broke or was cut by the other coils. This large mass of rope, over 
a foot in diameter, was carried out to sea over 80 yards before tlie 
line parted. The recoil of the gnn-carriage was about the same as 
in the previous shot. The action of the gun-carria<re upon the sand 
was unexceptionable; it slid to the rear easily without any tend- 
ency to turn over whatever. 
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CHAPTER III. 

VELOCITY AND FOECE OF THE WIND. 

In this chapter will be given tables containing the velocities of the 
wind from one-hundredth of one foot per second to one hundred and 
fifty feet per second, with their equivalents in miles per hour: also the 
l)re»sure per square foot in pounds for the different velocities or the wind 
from one mile to one hundred miles per hour. 

The velocities of the wind as i^corded by the signal-senace self-regis- 
tering anemometer an*, given for the days upon which experunents were 
made at Sandy Hook, N. J. 

The data for Sandy Hook, N. J., were kindly furnished by the Chief 
Signal-Officer of the Amiy and by Sergea-nt P. J. Huneke, United 
States Signal Service. 

I. 

Table of velocities of the irind 



VKIXJCITY OF THE WFXD. 



i| 



.01 i 

.02 ' 

.03 i 

.04 , 

.05 t 
.10 

.20 I 
.3 
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i 

1 
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16 
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.014 


i 2 


1.36 


17 


11.59 


.021 


3 


2. 05 


18 


12.27 


.027 


' 4 


2.73 


19 


12.95 


.034 


1 5 


3.41 


20 


13.64 


.oe8 


1 6 


4.09 


21 


14.32 


.136 


1 7 


4.77 


22 


15.00 


.205 


i 8 


5.45 


23 


15.68 


.273 


1 » 


6.14 


24 


16.36 


.341 


i 10 


6.82 


25 


17.05 


.400 


t 11 


7.50 


26 


17.73 


.477 


12 


8.18 


27 


18.41 


.545 


1 13 


8.86 


28 


19.09 


.614 


14 


9.55 


29 


19.77 


.681 


15 


10.23 


30 


20.45 



II. 

Velocity and force of th^ icind. 
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Office of Observation Signal Service U. 8. A., 

^andy Hook^ X. J., May 23, 1878. 
Lietttenant: I have the honor to submit the requested iiiforinatioii 
121 regard to the velocity of wind on stated dates and hours, as far a« the 
rei^ords now at this station enable me to do so. I have written to the 
Chief Signal Office for the missing data [i. e., for May 7 to May 14, 
1878]. 

KJeration of anemometer above ground^ 40' 7''. 



Date. 



May 21 
May 22 
Way'J3 



Time. 



10.00 a.m. to 2.00 p. m 
10.00 a. m. to 3.00 p. Ill 
10.00 a. lu. to 12.00 m. 





Hourly velocity. 




Total nam- 
ber of miles. 


10 to 11. 


11 to 12. 


12 to 1. ' 1 to 2. 


2 to 3. 
....... 


12 
2:1 
18 


10 
19 
13 


13 
22 


12 
20 


47 

09 
31 











Averai!^ 

hourly 

velocity. 



11. T.'S 
19.80 
15. jO 



Very respectfully, your obedient servant, 

P. J. HUNEKE, 
Sergeant Signal Service United States Army, 
1). A. Ta^le, 

Lieutenant of Ordnance^ 

Sandy HooJc^ X. J. 

IV. Remarks on the effect of a cuiirent upon the shot line. 

After communication has been established between the shore and a 
stranded vessel by means of the shot-line, another troublesome factor 
often intrudes itself into the problem. By this is meant the efteet upon 
the line of an inshore current running parallel to the coast and between 
the shore and vessel, commonly called by surfmen the "sef 

There is little doubt that the influence of this current has been usually 
nnderrated in those attempts to haul off" a whip-line or hawser which 
have failed. ^0 definite calculations upon the effect of this current can 
])e made at the present time from the lack of the necessary exi)erimeiital 
data. This subject has already engaged the attention of the Chief of 
tbe Life-Saving Service, and steps have been taken for the purpose of 
eliciting information ui>on this important i)oint. 
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PART IV. 
HISTORICAL. 

NOTE. 

This part of the report ia devoted to the history and use of the IVlaiiby 
ai)pardtus, to souie others of more recent date, and to the Boxer life-sav- 
in*? rockets. 

The Manby apparatus is described in detail in books not |?enerally 
accessible to those most interested in the results of Captain Manby's ex- 
periment's. 

The same may be said in regard to the Boxer life-saving rocket, which 
is now generally used in England, and is also used to some extent in 
this country. 

The descriptions transcribed have been accredited to the sources from 
whiiih they were taken, and have, by i)reference, been given in the 
phraseology of their authors. 

These extracts exhibit the results of many valuable experiments. It 
isof the first importance that those charged with the use of such apparatus 
should be in possession of all the knowledge upon the subject that can 
be obtained. 

Tlie desire of the writer to place these instructive papers within the 
reach of the keepers of life-saving stations must be his apology for intro- 
ducing them. 

D. A. L. 



CHAPTER I. 
Section I. History of Manby's life-saving apparatus. 

[Extract from Eacyclopaidia Britanriica, eighth edition, Vol. XIII, pp. 440-445.] 

It had occurred to Lieutenant Bell, in 1791, that a rope might be thrown 
from a ship which had struck, by means of a mortar carrying a heavy 
shot, and upon the principle of tlie gun-harpoon ; and he showed the practi- 
cability of the suggestion by an actual experiment, in which a deep-sea 
line wa« carried to a distance of about 400 yards. (Trans. Soc. Arts, 
XX.V, p. 136.) He recommended that every ship should be provided 
with a mortar capable of carrying such a shot, and observed that it might 
be placed on a coil of rope to be fired, instead of a carriage. Tlie line 
was to be coiled on hanclspikes, which were to be drawn out before the 
mortar was fired. 

In 1792 11^ received a premium of fifty guineas from the Society of 
Arts (Tmnsactions, X, p. 204) ; and he obtained his promotion in the 
ordiijuice as an acknowledgment of his merits. The shot was to weigh 
about 00 pounds or more, and the mortar 5 or 6 cwt. The experiment*; 
of the French artillery at Lafere were subsequent to those of Mr. Bell, 
though they have sometimes been quoted as the first of the kind. • • * 

The means to be employed by persons on shore, in cases of shipwreck, 
depend either on i)rojecting a line over the shii) or on the use of a life- 
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boat. Mr. Bell had cursorily obsen^ed that a line might be carrietl over 
a 8hip from the shore by means of his mortar ; but for the actual execu- 
tion of this proposal, in a varietj^ of cases, we are indebted to the meri- 
torious exertions of Cai)t. G. W. Manby, whose apparatus, according U) 
the report of a committee of the House of Commons, dated in MareL, 
1810, appears " to be admirably adapted to its purpose, and to have been 
attended with the fullest success in almost every instance." In conse- 
quence of this report. Captain Manby was thought worthy of a Parlia- 
mentary reward ; and he afterwards published a descrii)tion of his inven- 
tions, under the title of '*An Essay on th« Preservation of Shipwrecked 
l^ersons. 8vo. London, 1812." He had previously received a gold 
medal from tlie Society of Arts in 1808 (Transactions, XXVI, p. 209). 
His success makes it expedient to extract from his essay a detailed 
description of the apparatus, and it will be easy to make it somewhat 
iwore intelligible by a slight alteration of the order of arrangement : 

The method of affixing a rope to a shot for the purpose of effecting conimiinieation, 
when projecte<l from a. piece of ordnance, over a stranded vt^ssel, was at length sncceeiiwl 
in by introducing a jagged piece of iron, with an eye at tlie top, into a Hhell, aud 
securing it by lifling the hollow sphere with boiling lead; and in another way. by 
drilling a hole through a solid ball, and passing a piece of irtm, with an eye to it, .-is 
before described, to the bottom, where it sliould be well secured by riveting. 

To produce the means of connecting a rope to a shot, and prevent its being bimit, 
and rendering it "irresistible" to the powerful intlammation of ginipowder, wa« tlio 
labor of iuilnite time, and the number of experiments to accomplish it is beyond all 
)>o88ible conception. Chains iu every variety of form and great strength breaking, 
proved that it required not only an elastic but a closer coimected body. At leuglh 
some stout platted hide (Fig. 5, Plate XLVII), woven extremtdy close to the eye of the 
shot, about 2 feet in length beyond the muzzle of the piece, and with a loop at the end 
to receive the rope, happily effected it. 

This method is certainly desirable, us the rope may, immediately [as] it is required. 
be affixed to the loop, and applied in service. The form of the ])]atted hide may like- 
wise be woven by twisting it in the manner that the lashes of whips or ropes are spun. 
There is another method, by passing a rope through a case of leather, taking the great- 
<'Ht care that it is so w^ell secured at the eye of the shot as to leave no room for the 
9Hghttmt plai/y as is re])re8ented by the annexed barbed shol,* (Fig. 6, Plate XLVII.) 

\Vhen the crews of the distressed vessel are incapable of availing themselves of the 
benefits arising from conmninication, they having previously lashed themselves in the 
rigging to prevent being swept away by the sea, which is repeatedly breaking oyer 
them, and when, from long fatigue and the severity of the stonn (on which occasion 
it too frequently occurw), they totally lose the use of their limbs and sre i-endere<l 
incapable of assisting themselves in the slightest degree, the advantages of this shot 
are, that, on its being projected over the vessel and the people of the shore hauling it 
in, it fii-mly secures itself on some part of the wreck or rigging, by which a boat can 
l)€ hauled to the relief of the distressed objects, and by the c<mnteri»arbs it is renden^l 
impossible [that it should] give up its hold, or slip, while that i)art of the wn'ck 
remains to which it has secured itself. 

Among the many that have been saved by this shot, the following are te8tiuiouiftlj« 
of a few of the cases : 

** We, the crew of the brig Nancy, of Sunderland, do hereby certify that we were on 
board of the said vessel when she was stranded on the beach of Yarmouth, on Friday 
morning, the 15th of December, 18()9, and compelled to secure ourselves in the. riggini^ 
to prevent being swept away, the sea running so high on the vessel. And we <h> 
further declare and certify that Captain Mauby, firing a i"ope with a hookwl shot, 
securely holding on the wreck, enabled a boat to be hauled from the shore over the 
surf to our relief, otherwise we must inevitably have perished.*' 

This certificate is attested by six signatures. 

Facilitating communication is at all times of importance ; but whcm the strande^l 
vessel is in momentaiy danger of going to pieces, this jioint becomes a consideration 
of extreme urgency. I feel a persuasion that this ])articular 8c»rvice can only 1»« 
carried into effect by a small and light piece of ordnance, the range of which is conse- 

*The writer can find no record of the adoption by any government or society of 
Manby's barbed shot, or of any other anchor shot. Thus far the use of this class «»f 
projectiles seems to have been limited. Many jiractical difficulties iu regard to their 
efficient use yet njmain to be overcome, — D. A. L. 
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Fig. 3. 



qiiently very iucoDHiderable. when compared with that of a large and heavier piece, 
a.s it is weight alone that conveys the rope. In order, therefore, to 
iiicreaHe the powers of a ahot projected from a Hniall mortar, its natu- 
ral form must be varied so as to give it additional " preponderance." 
Tlie annexed shape, in the form of a pear (Fig. 3), has been nsed 
with the greatest success ; for, by the increased weight, the shot/s 
momentum and power over the line is in consequence considerably 
augmented in its range ; and when made to tit the piece as cltKse an possible, a great 
increase of velocity is likewise produced from that decrease of windage. 

Portability in the construction of a piece of ordnance (adjust described) is the very 
essence of this service ; and communication with the stranded vessel or wreck may be 
fUected with a cord, by which cord a rope can be conveyed, and by that rope a haw- 
MT or cable sent to the di8trease<l vessel : for this puri>08e the annexeil was constructe<l. 
(Fig. 7, Plate XL VII.) 

A person completely equipped with every nece^ary apparatus to effect communica- 
ticm with a vessel driven on a lee shore, * * * * the horseman, fully equipped, trav- 
eled a mile and a half, the howitzer was dismounted, and the line {irojected 153 yards, 
in six minutes. 

The application of a small piece of ordnance likewise offers particular advantages, 
capable of being employed fnmi a boat to go to the assistance of a vessel grounded on 
a bar when running for a harbor, the necessity of which repeatedly occurs, and was 
twice witnessed at Blakeney on the 10th of November, 1810, when boats endeav- 
ored to go to their relief, and were euable<l to get out of the harbor on the ebb tide, 
within 20 yards of the vessel ; but it was found impossible to approach them nearer. 
Had such boats been provided with a piece of this description, and the same firmly 
Hceured on a stont piece of plank, by the holes left at each comer of the iron bed, they 
might have projected a small rope, coiled in a crate or basket made to the form of the 
bow of the boat ; and the persons in the boat so provide<l would not have remained 
the distressed spectators of the untimely end of their fellow-creatures without being 
able to afford tnem the smallest relief, although so little was then wanted for that 
desirable purpose. 

Althougn advantages have been pointed ont in the u.se of these small mortars, it is 
necessary to be kept in remembrance that they are produced for particular services, as 
the nature of the coast and circumstances attending the distressed vessel will direct 
what piece is best adapted to the undertaking. 

To enable the mind to form a judgment of what can be effected by other pieces, the 
following are the minutes of experiments made with a 5^-inch brass mortar, stating the 
(piantity of powder used and distance the ropes were projected against a strong wind, 
at the angle of 17^ (elevation), weight of the mortar and bed about 300 poundjs : 



()unc«fi of powder. 



4 

6 
8 
10 
12 
14 



TanlH of 1 i-inch Tarda of deep-sea 
i-ope. line. 



134 


14A 


159 


182 


IM 


215 


207 


249 


235 


290 


250 


310 



With a short 8-inch mortar, the weight of which and bed was supposed to btf about 
70O pounds, the angles of elevation uncertain : 



Onncea of powder. Y«"»» Une.''*'^'"^ 


Yania of 2-iiich patent 
Sanderland rope, ca- 
pable of bnuling tbe 
larji^cBt boat from a 
bearh. 


32 439 




32 479 




82 


386 







Directions for using the apparatus. — ^When the rope (which should be pliant and well 
Ktretched) is brought on the beach or cliff o])po8ite to the stranded vessel, the most 
even spot, and free from projecting stones, should be selected to lay it on, and great 
care be taken that no two parts of it whatever overlay or even touch each other, nor 
must it ha laid in longer lengths than of two yards. But to pn>ject a small line or cord, 
it will be necessai-y, if it is required, to contract the faker to half a yard at most, to 
avoid the jerk received at the end of each right line. The best method, with such a 
escrjptiou of cord, is to lay it on the ground in the most short and irregnlar windings 
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to relieve it from this powerful impnlse. To prove the eflfect of the impulse on a ropp, 
if it is fakeil in lengths of 10 or 15 yards, it will break each time, as it then becomt^^s 
a most powerful pendulum. These precautions are absolutely necessary to the success 
of the service. 

The following has, after various trials, been found a certain method of laying the 
rope, and placing it into compartments. (French Faking, Fig. 1, Plate XLVIII.) 

A particular attention to this mode will never fail with a good rope, when the iiii- 
ptHliments are removed that might otherwise 4)bstruct its rapid fliglit. Its advanta«^» 
are, that it will allow the- eye rapidly (yet correctly , J««/ before firing^ which is abso- 
lutely necessary) to pass over the different compartments, and at once discover if any 
fake has been displaced by the storm, or by any other casualty or accident come in 
contact with another part, which would destroy its application by the rope breaking. 

It may likewise be coiled in the manner used in the whale-fishery, wh-ale /«*>.( Fig. 2, 
Plate XLVIII) ; and in the method called chuin faking (Fig. 3, Plato XLVIII). It is, 
however, necessary to add that great attention is required in laying it agreeably to tlw* 
two latter methods, arisin^^ not only from the arm being liable to get under certain parts 
of the rope, and thereby displace it, but trom the great anxiety of mind natural on the'V 
occasions, where the lives of fellow-creatures are literally dependent on the convitt- 
ness with which the rope is laid. It is therefore extremely difficult, in a moment of 
agitation, to determine whother any overlay has taken place, an error that would infal- 
libly destroy every endeavor, and occasion even thtt fate of those whose lives we might 
be exerting ourselves to preserve. Could persons in the performance of this service iw 
always collected, the two latter methods would have a decidwl advauta|re over the first 
mode of faking, they being laid in a much less spat^e of time. As all these methods (if 
laying the rope occupy time to place it with the care necessary, and as it has repeat- 
edly happened that vessels, very soon after grounding, have gone t-o pieces, and all 
hands perished, it was necessary to produce a method of arranging the rope so that 
it could be immediately jfrojected as soon as it arrived at the spot; and none provwl 
BO effectual as when brought nnidy in a basket ( Fig. 4, Plate XLVIII), 

In this case, the rope should be most carefully laid in alternate tiers or fakes, no 
part of it overlaying, and it should be well sscui-ed down, that in traveling it be not 
<lisplaced; but, above all, no mistake must happen in placing the basket properly. For 
example, that the end of the basket, from which the shot hangs in the above figure, 
should be previously marked, and must be placed toward the sea or wreck, that thf 
rope be delivered freely, and without any chance of entanglement. It will be scarcely 
necessary to add, there will be sareral tiers of the rope when laid. The utmost can* 
and attention are reriuired iu laying th3 rope in tiers with strict regularity, to prevenr 
entan'jjlemeut. The next is the'apolication of the mortar. If the wind is sideways to 
the shore, it must be pointed sufficiently to windward to allow for the slack of the 
rope lighting on the object, as the rope will, of course, be considerably borne to Iih-- 
ward by the effects of a strong wind, and by its being laid at a low elevation insures the 
rope failing against the weathermost ]>art of the rigging. Whi le this service is perform- 
ing, great care should be taken to keep the mortar dry ; nor should it be loaiied until 
everything is ready. When that is done, it should be primed ; but as it would be im- 
possible to do it with loose i>owder in a storm, a tube is constructed in the simplcj^i 
manner of common writing paper (the outer edge being cemented with a little gum) 
in this form (Fig. 5, Plate XLVIII). It is filled with meal gunpowder, made into paste 
with spirit of wine ; when iu a state of drying, run a needle through the center, ami 
take care the hole is left open, for, on the tube bein^ inflauied, a stream of fire darts 
through the aperture with such force as to perforate the cartridge. The mortar shcmhl 
then instantly be tired; and in order to lessen a difficulty that has often occurrt^d iu 
performing this service, a pistol may be used, having a tin box over the lock, to ex- 
clude the effect of wind or rain on the priming ; and the muzzle being cut [obliquely], 
dilates the infiammation, so as to require but little exactness in the direction of tht* 
aim. 

We will suppose the communication to be secured, although it is scarcely necessan* 
to offer any other assistance than that of a rope, as the inventive genius of a sailor 
will supply evervthing else ; yet I could expect the people on shore to get a boat ready 
for meeting the Vessel when driven on a beach. It is the promptest and most certain 
method of relief, as well as the most easy to be accomplished; for by hauling her off 
with the rope projected, the boat's head is kept to the waves, and' not only insaiw 
safety by rising to the surge, but prevents her upsetting. 

When the rope attached to the shot (not having barbs to it) is fired over the veavl 
an<l lodges, let it be secured by those on board, and made fast to some firm part of thi» 
rigging or wreck, that they ii'iay haul oft' a boat by it ; but should there not he any 
boat, then haul on board by the projected rope a larger one, and a tailed block, throujfh 
which a smaller rope is rove. Let the large rope be made fast at the masthead, h**- 
tween the cap and the top of one of the lower masts, and the tailed block a little di*- 
tance below it ; but, if the masts should have been cut or carri(?d away, then it luusl 
be made fast to tho loftiest remaining part of the wreck. When this is done, there will 



Digiti 



ized by Google 



UNITED STATES LIFE-SAVING SERVICE. 115 

W supplied from the shore a cot, hamtiiock, netting, basket, hoop, or any of the nn- 
meroiw resources of seamen which will run on the larger rope and be worked by the 
people on shore. ^ If a cot be nsed, the men may beso securely fastened to it as to ))i'e- 
clmle all possibility of falling out, and then be brought from the wreck, one by one, in 
pi»rtVct safety. 

While communication is gaining, three stakes should be driven into the ground in a 
triangular position, so as to meet close at the heads to support, each other. As soon as 
communication has been effected by the crew of the vesstd and they have secured the 
line attached to the shot made fast to these stakes, the crew will haul on board by it 
a large rope and a tailed block, through which a smaller rope is to be rove, both ends 
of which (the smaller rope) are to be kept on shore. When they have secured these 
on board and the larger rope is rove through the rollers, let a gmi-taekle purchase be 
lashed to it, then lash the purchase to the stakes. By the means of the purchase the 
lai*ger rope may be kept at a tit degree of tension ; for, if care be taken to slacken the 
purchase as the ship rolls out to sea, the. d.nnger of the rope being broken will be 
guarded against; and, on the other hand, if the purchase be gathered in as the ship 
rolls toward the shore, the slackness of the rope, which would prevent the cot travers- 
ing as it ought to do and ^unge it in the water more than it otherwise would, will be 
avoided. 

Supposing neither boat nor cot apparatus at hand, first cast off the shot from the 
projected rope, and with a close hitch let it be put over the head and shouldei*s of th« 
pi-son to be saved, bringing it close under each arm, drawing it tight, observing par- 
Ucnlarly the knot is on the breasthane ; for, by having the knot in that position, <)n the 
l)eople of the shore hauling the i)er8on from the wreck he will naturally be on his 
hack, consequently the face will be uppermost to sieze every moment for respiration 
after each surf has passed over the body. 

Jf circumstances compel recourse to this method, care must be taken to free the rope 
from any part of the wreck and to jump clear away ; but should there be more than 
one on board, each man should make himself fast in the same way about four feet from 
the other and join hands, all attending to the same directions. 

For giving relief to rensels stranded on a Jee shore in a dark and tempestuous night. — It will 
he requisite, first, to devise the means of discovering precisely where the distressed 
Aessel lies when the crew are not able to make their situation known by luminous sig- 
nals ; secondly, to produce a method of laying the mortar for the object with as mu4-li 
accuracy as in the light ; thirdly, to render the flight of the rope perfectly distinguish- 
able to those who project it and to the ci-ew on board of the vessel, so that they can- 
not fail of seeing on what part of the rigging it lodges, and consequently have no dif- 
ficulty in securing it. 

To attain the first object, a hollow ball was made to the size of the piece, composed 
of layers of pasted cartridge-pai)er of the thickness of half an inch, having a lid on 
the top to contain a fuse (Fig. 6^ Plate XL VIII), and it was then filled with about fifty 
luminous balls of star composition and a sufficient quantity of gunpowder to burst the 
ball and inflame the stars. The fuse fixed in the ball was graduated to set fire to the 
bursting powder at the height of 300 yards. Through the head of the fuse were 
drilled holes at equal [distances], to pass through them strands of quick-match, to pre- 
vent the possibility of any accident from the match falling out or from its not firing 
th«* fuse. On the stars being released, they continue their splendor while falling for 
near one minute, which allows ample time' to discover the situation of the distressed 
ve8?4el. During the period of the light a stand with two upright sticks (Fig. 7, Plate 
Xl^VIII), painted white, to render them more discernible in the dark, was ready at 
hand and pointed in a direct line to the vess«d. 

A shell affixed to the rope, having four holes in it to receive a like number of fuses 
(lieaded as before described), and filled with the fiercest and most glaring composition, 
which, when inflamed at the discharge of the piece, displayed so splendid an illumi- 
nation of the rope that its flight could not be mistaken. 

To get a boat from a beach over the surf, — The importance of going to the relief of ships 
in distress at a distance from the lana, or for taking oft' pilots, was viewed as of the 
highest consequence by the elder brethren of the Trinity House, and offered to my 
particular attention by several distinguished characters. After numerous experiments 
to accomplish it in various ways, the mode following was most approved : About forty 
fathoms of 2^-inch rope, made fast to two moving anchors, was laid out parallel with 
the shore, at a distance beyond the sweep of the surf; to the center of tnis roj>e was 
made fast a buoy, of sufficient power to suspend the great rope and prevent it from 
chafing on the sand, rock, or stones, as well as embemling, a circumstance that has 
n^iflered it impossible on a sandy or shingly coast to heave out an anchor with a rope 
to it from the shore. As this service should be performed in fair weather (to be pre- 
pared for the storm,) it may be regulated with the greatest exactness, and should take 
place at the top of high water, that the upper part of the buoy may be at the full 
Btretch of its power, and only seen at that time. Should the shore be extremely flat, 
it ivill be desirable to place another set at a sufficient distance beyond the first to in- 
8 tire the ox>eratiou of this method in any state of the tide. 
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The royal iiiortAr, beiug brought to the spot, is to be pointed in the direction for tlie 
buoy, and should be laid at a very low elevatioUf but such as to insure the range; for 
the more it is depressed the less slack of rope there will be from the parabola foniiediii 
the shot's flight; the basket with the rope ready laid (having a barbed shot to it) is to 
be placed iu the front of the mortar ; on its being fixed, instantly haul the slack (»f the 
roi»e in, to prevent the effect produced on it by a strong tide ; which being done, let the 
roiuttiniler be gently hauled in to insure the shot's grappling with the great rope ; when 
that is caught and hooked, a power will be acquired fully a<lequate to the service. 

As a cast-iron anchor apjiears particularly adapted to this method, and would he 
much cheaper than hammered, Fig. 8, Plate XLVIII, is a plan of one which the hon- 
orable the navy board approved, and allowed me to cast at their expense for the pur- 
pose of making the experiment. 

When a vessel is in that extreme and perilous situation, driven under a rugged ami 
inaccessible cliff, and in danger of going soon to pieces, the most prompt luethod I 
should suggest is by lowering to the crow a rope with stiff loops spliced into it (Fig. 9, 
Plate XLVIII), at the distance of a foot and a half from each loop, of sufficient size to 
contain the foot, by which they can ascend as a latlder. 4 

This rope ladder is capable of being projected, and one of an inch and a half toim* 
was thrown from a mortar 194 yards. It might also, from the simplicity of it« strnc- 
ture, be extremely useful in escaping from a house on fire. By making one end fast to 
the leg of a bed or a table, the perstm would come down from the window in safety, 
and with much less difficulty and quicker than with the common rope ladder, which 
is heavier and more unwieldy. It has great advantages when employod in saving 
shipwrecked men in situations just described, when, fiom extreme cold and alnicwc 
benumbe<l limbs, it would be impossible for them to climb up a rock or ascend it even 
by the aid of a common rope. The holds thus spliced in will support both haudH and 
fBet. 

The report of the committee of the House of Commons contains also 
a pajjer of instructions for the manao:ers of Captain Manby's apparatus 
on shore, which are somewhat more minute than the directions published 
in his essay. For example : 

If the wind be sideways to the shore, the mortar must be |)ointed sufficiently to wind- 
ward to allow for the slack of the rope lighting on the object, as the rope willof courw 
be borne considerably to leeward by the efiect of a strong wind. 

The distance your judgment decides the vessel to be from the shore should regulate 
the charge of powder as stated in the scale, taking just a sufficient quantity to clear 
the object. An attention to this will be more certain of your effecting communication 
and guarding agninst the danger of the rope breaking or any other circumstance that 
might prevent the successful performance of the service. The elevation of 15° is to 
be preferred, particularly if the wind is sideways, pointing the mortar sufficiently 
to windward, as the rope' would then fall against the weathermost part of the riggiiiK 
of the stranded vessel. 

When a vessel is driven on shore in the night, you will flash gunpowder as often a.** 
convenient on your way. This will animat-e the crew and denote to them you are 
coming to their assistance. • On getting to the spot where you have reason to suspect 
the vessel lies, as you are not able to discover her from the extreme darkness, and if 
the people on board cannot [make known] their situation by luminous signal.** «»r 
noises (which they will be directed to make if possible), you will lay the mortar at a 
very high elevation and fire a li^ht ball. 

Just before you fire (the rope) it would be advisable to let off a blue light to put the 
crew on their guard, to look out, and be ready to secure the rope. The service can bt5 
performed with a carromwle. 

In Chapter IV we have a copy of directions to persons on board ves- 
sels stranded on a lee shore, proposed to be delivered to the masters at 
the custom-house. It is observed that even snapping a pistol, when the 
powder is wet, may sometimes afford a signal visible on shore from the 
sparks of the steel alone. The other parts of the directions will be 8ni>- 
plied by those who understand the principles of the proposed mode of 
relief. 

Rockets have of late years been much employed instead of the mortar 
in Manby's apparatus for throwing a line to a ship in distress. " Dennett's 
rocket apparatus " is supplied to many stations along the coast. The 
only advantage the rocket has over the mortar is its greater portability; 
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for, being much lighter, it can be used with gi'eater facility among 
rocky cliffs, and in positions difficult of a^'/Cess. The disadvantages of 
rockets are, that they are somewhat uncertain, sometimes exploding as 
soon as ignited, to the danger of the by-standers ; and they are also liable 
to deteriorate from the effects of damp or of age. Moreover, being ex- 
pensive, they cannot be often employed in trials, so as to keep up the prac- 
tice of the people employed in using them. The range of a shot from 
a 24-pound mortar, which is the ordinary size, is about the same as that 
of a 12-pound rocket, which is the largest in use. As the management of 
the mortar and rocket apparatus is much better understood by the officers 
and men of the coast-guard service than by ordinary boatmen and fisher- 
men, it has been almost entirely left in their hands, and is provided by 
the board of customs. 

Several inventions, or variations, in the Manby apparatusmay be just 
glanced at. M. G. Delvigne uses a howitzer instead of a mortar, while a 
I)ortion of the line to be carried is contained in the projectile. Mr. Greener 
has a method of discharging a rocket, with a line attached, from alight 
harpoon-gun. When discharged, the rocket ignites, and is said to pro- 
long the range to a greater distance than if the gun or rocket were alone 
employed. 

Captain Jerningham, R. K, has an anchor of a particular form, which 
lie proposes t-o fire from a Manby mortar in sufficient numbers to afford 
the means of hauling a life-boat through the surf. 

Mr. A. G. Carte employs a war-rocket instead of a Dennett rocket. 

Section II. — ^Manby's shot. 

[Extract firom "Ammunition," by Captain Majendie, R. A., published in London in 

1867.] 

1. History. 

The plan of saAang lives in cases of shipwrecks by means of a line 
thrown so as to establish a communication between the ship and the 
shore seems to have been first proposed about the close of the last cen- 
tvLry^ by Lieutenant Bell, Royal Artillery.* This officer proposed to pro- 
ject from a mortar a spherical shell filled with lead and having *'a deep- 
sea line" attached. Some trials were made with the apparatus in 1791,* 
l)efore a committee of the Society for the Encouragement of Arts, Manu- 
factures, and Commerce, and the success of the experiment was so 
marked and unequivocaP that in the following year the society adjudged 
tlie inventor a reward of fifty guineas.* 

Lieutenant Bell's claim to the priority of the invention was also recog- 
nized by a committee of artillery officers assembled at Woolwich in 
May, 1811, to report on "Captain Manby's invention for saving the lives 
of shipwrecked mariners," Uiis committee reporting that they feel that — 

They should not entirely discharge their duty were they to omit observing that the 
committee of the honorable House of Commons do not seem to have been informed of 
all the means proposed by the late Lieutenant Bell, of the Royal Artillery, for the 

» It ap])ear8 from Kane's List that Lieutenant Bell was promoted from sergeant to 
a lieutenancy in the invalid battalion. — (Kane's List of the Royal Regiment of Artil- 
lery, p. 2L)' 

' August 29, 179L— (Repertorj' of Arts for 1808, vol. xiii, p. 315.) 

* The line was thrown to a distance of 400 yards. — {Ibid., ;U5.) 

-• A full account of the experiments and drawings and a description of the appara- 
tus are given under the head of "Account of a method of throwing a rope on shore by 
means of a shell from a mortar on board a vessel in distress." By Lieut. John BeU, 
Royal Artillery, in the Repertory of Arts, 1808. 
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attainment of the Hame laudable object; it being stated in that honorable committee's 
report, that **Mr. Bell's invention is totally inapplicable in all cases of vessels being 
stranded," and that Captain Manby's invention is new.* 

Injustice, therefore, to the memory of Lieutenant Bell, and to his surviving family, 
and with respectful deference due to the judgment of the honorable comniittee. the 
concluding of the seven observations inserted in one of the papers of Lieutenant MVs 
account to the Society for the Encouragement of Arts, Manufactures, and Comniene, 
is subjoined in his own words, as published in that society's Traueactions, and in tlie 
Repertory- of Arts for 1808, p. 318, by which observations it appears that Lieulenattt 
Bell then proposed trhat Captain Mauhy has since so ably and so successfvlly can-it^ into 
effect,^ 

The passage "in Lieutenant Bell's own words,'' referred toby the com 
mittee is as follows : 

There'is everv reason to conclude that this contrivance would be very useful at all 
ports of difficult access both at home and abroad where ships are liable to strike 
ground before they enter the harbor, as SliieldsBar, and other similar situations, when 
a line might be thrown over the ship, which might probably be the means of 8a\iiij; 
both lives J^nd property ; and, moreover, if a ship was driven ashore near such a place, 
the apparatus might easily be remove<l to aiford assistance, and the whole performance 
is so exceedingly simple that any person saeLng it done would not want any furtluT 
instruction.^ 

It is thus placed beyond doubt that Lieutenant Bell's proposition wiis 
not limited to throwing a rope from a vessel to the shore, but included 
the reverse operation of throwing a rope from the shore to the assistance 
of a stranded vessel, and this by almost exactly the same means as were 
subsequently successfully applied by Capt. G. W. Manby, E. N. 

But if the merit of having been the first to propose this plan cannot, 
in justice, be conceded to Captain Manby, it is at lenst indisputable that 
that officer was the first practically to apply it, and that by his exertions 
the details were matured and the idea successfully carried into effect;* 
for, in spite of the success which had attended Lieutenant Bell's experi- 
ments, his proposition does not appear ever to have received official 
recognition, or to have been practically entertained or adopted.^ 

Captain Manby worked out the subject with great care and ingenuity', 
and in 1811 his plan was experimented upon by the committee of artil 
lery officers before alluded to.**^ 



"This allusion t<^ the opinion of the "committee of the honorable House of Commons" 
has reference to a report made by a committee of that house in 1810, in which Lieuten- 
ant Bell's claim to any merit attaching to priority of invention is ignored, and Iih 
])ropo8ition spoken of in the words quoted in the text, viz, as *^ totally inapjilicable i» 
all cases of vessels bcinjj stranded,** while Captain Manby's proposition is treat-wlas 
ori^nal. The incon-ectness of this opinion is sufficiently shown by the passafjff firom 
the report above quoted and by Lieutenant Bell's own remarks, which I have given 
farther on. 

'The Annual Register for the vear 1811, p. 521. 

'Repertory of Arts for 1808, vol, xlli, p. 318. 

" " Lieutenant Bell then proposed what Captain Manby ha« since so ably and sm'- 
cessfully carried into effect." — ( Report of Artillery Ccmimittee, Annual Register forlpH. 
p. 521.) (See, also, extract from Ency. Brit., xiii, &c., on a prece(Ung page, beginuin); 
as follows: ** Mr. Bell hafl cursorily observed that a line," et seq. — D. A. L.) 

'* It is not impossible that this arose from the fact that the inventor died shortly aiter- 
wards, in 1798. — (See Kane's List of Officers of the Royal Regiment of Artillery,* p. '21.) 

'^'This conmiittee was composed of the following field-officers of artillery: Lieuttn- 
ant-General Lloyd, Major-General Ramsay, Colonel Borthwick, Lieuten'ant-('Oloii''l 
Rion, Lieutenant-Colonel Spicer, Lieutenant-Colonel Colebrooke, Lieutenant-Col<>n''l 
Beerer, Major (iold, Major Buckner. Their report bears date, Royal Arsenal. WtH»I- 
wich, 22d May, 1811, aud is entitled "Report from the committee of field-officers «'f 
artillery, containing an account of the experiments made at Woolwich on the 18th ao'^ 
^(►th M.ay la«t, on Captain Manby's invention for saving the lives of shipwrecked mari- 
ners." Printed by order of the House of Commons. — (Annual Register for 1811, pp. Jil" 
to 521.) 
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The results of these experiments were in the highest degree success- 
ful, and the adoption of his profiositions was recommended.'* 

This recommendation led to an address being moved in the House on 
tbe 14th June, 1811, to the Prince Regent, *' praying that he would be 
{graciously pleased to order that Captain Manby's invention should be 
stationed on different parts of the coast, &c., and assuring him that the 
House would make good the expense.'^" 

The propositions which Captain Manby had submitted to the commit- 
tee were eight in number, from which the followinrg are selected as being 
the only ones having a direct bearing ujwn the history of the present it^erv- 
ice life-preser\ing apparatus. A small brass howitzer, 3-pounder bore, 
which, with its carriage, weighed 62 pounds, and was 8trai>ped on to the 
foi-e part of the saddle of a mounted man, 200 yards of log-line being 
coiled upon a deal frame and slung as a knapsack on the back ot the 
horseman, the line being projected from the howitzer by means of a " Imd 
of pear shotj 1^ diameters in lengthj^ and weighing 4 pounds 12 ounces 
12 drachms. By means of this shot, and with a charge of 2^ ounces of 
powder, the howitzer threw the line 143 yards. " Next, a method of 
afibrding certain relief to vessels stranded in the darkest night, with an 
improved mode of rendering the life-rope more distinguishable." This 
arrangement consisted, firstly, in firing whatCaptain Manbj^ called "light 
balls," viz, paper shells filled with " stars," from a mortar, to throw a 
light over the scene; and, secondly, in projecting from the 5^-inch mortar^ 
charged with 8 ounces of powder, a deep-sea line attached to a shell tcith 
four fuses in it^^ 

He also suggested at this time connecting the rope to the shot by 
means of '^some stout strips of hide plaited extremely close at th^ eye,'^^* 

" The committee were of ." opinion that they cannot too strongly reconunend an in- 
vention, the partial applieation of which has heen attended with Rnch beneiieinl 
eft'eets. * * *. It is also the wish of the ooniniittee to render their full tribute of 
praise to Captain Manby for his ingennity in so nnieh improving and bringing into 
jiractical U84? this invention, to the perfecting of which he has so zealously and skill- 
fully devoted himself."— (Annual Register for 1811, p. 520.) 
•*The address was moved by Mr. Wilberforce. — (Annual Register for 1811, p. 521.) 
•* Captain Manby's other propositions and experiments, l>rietrv described, were as tVd- 
lows : An arrangement for tiring, " by chemical agency, of two substances, which ignite 
from coming into contact with one another" ; a jdan for laying and tiring from a boat 
*• when the sea is continually breaking over it" ; an aiTangement by which the rope is 
coiled in a basket and then carried to the spot required ; a rope-ladder ** intended to b(^ 
prt»jected or conveyed to a crew wrecked under a dilV," consisting of a single rope with 
itHi}m splic<Hl to it at convenient distances for the support of the feet and hands when 
climbing ; " the distance a deep-sea line can be jirojected from the shortest 8-inch mor- 
tar " (in the course of this experiment a deep-sea line, with f)8-]>onnder shot attached, 
w:i8 projected 439 yards; charge, 2 pounds; elevation, 2o^); the distance an 8-inch 
liarbed shot, ** with a patent Sunderland 2-inch rope attached," could be projected (the 
distance was 336 yards). 

These propositions will be found in erienm, a* I have already intimated, in the Annual 
IiV|ri8ter for 1811, pp. 518 to 521. Much interesting information will also be found on 
the subject of Captain Manby's original propositions in the Encyclopaedia Biitannica, 
vol. xii'i, pp. 441 to 444, where cojiious extracts an* given fi-om an essay published by 
( 'aptain Manby himself in 1812, entitled "An Essay on the Preservation of iShipwn'ckcd 
Persons." 

'^Captain Manby's own words respecting this part of the subject are as follows: 
** To connect the rope to the shot and prevent it from being bnrned by the powerful 
infiainmaticm at the discharge of the mortar wa« most essentially necessary, and suc- 
cess resulted fi*om almost innumerable experiments ; chains in every variety of form 
and Hisse broke, and proved that not (mly strength, flexibility, and elasticity, but a 
body at once continuous and entire, was required. At length some stont strips of hide, 
plaited extremely close at the eye, hajijiily etfected the object so indispensably 
wanted." (Obsc^rvations, with Directions on the Method brought into use by G. W. 
Manby.) See also Encyclopiedia Britannica, vol. xiii, pp. 441 to 444, where nearly 
the whole "observations" (extracted from Captain Manby's published essay) are 
given with illustrations. 
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It is, therefore, placed beyond doubt that Captain Manby's original 
propositions included, among other contrivances, Ist. A pear-shaped or 
oblong shot; 2d. A shell of5J-inch caliber; 3d. A shell containing four 
fuses; 4th. A ])laited hide thong for the purpose of connecting the line 
to the projectile. 

The immediate connection of these details with the history and origin 
of the present service pattern, Manby's shot, will at once be perceived, 
the projectile now used being of an oblong form, 5J-inch caliber, con- 
taining four fuses, and- having a plaited hide thong. There is no reconl 
of the exact form in which Captain Manby's original propositions were 
adopted, but it would seem, from the " (Observations,^ &c., printed re- 
specting his inventions, as if the majority of them were ai)proved and 
introduced. It is certain, however, that many were allowed to lapse 
and become practically obsolete ; and it appears that the two projectiles 
most used were a spherical 24-pounder shot, or shell tilled with lead, 
having an eye-bolt riveted to it, furnished with a stout t^^isted hide 
thong, for the purpose of attaching the rope, and a grapnel or oblon«r 
shot, with a barbed iron staple, to which the rope was fastened, project- 
ing from one end. 

Some demand for this class of stores in 1857-'58 led to experiments 
being instituted by Colonel Boxer, Superintendent of the Royal Labo- 
ratories, the result of which was the introduction and issue, in 1859 or 
1860,^^ of an improved and modified Manby's shot, and the pattern then 
introduced is, with the exception of some slight alterations which weiv 
subsequently (in 18(>3 '**) made in the thong, the present service pattern. 

Spherical Manby's shot are not, however, altogether obsolete, a pattern 
of a 6-pounder having been deposited in the model-room of the Royal 
Laboratory in 1862, " to govern the supply on special demand. 

Without entering upon a detailed description* of tlie difterent plans 
proposed, from time to time, for establishing communication between a 
stranded vessel and the shore, it will, perhaps, be well to mention that 
Manby's apparatus is not the only one which has been used for thispiu' 
pose. The following passage from the Encyclopaedia Britannica ^^111 
sufficiently indicate the variety and scope of these inventions. • ♦ • 
[Here follows an extract from the Encyclopaedia Britannica, already 
quoted in these pages. — D. A. L.| * • ♦ Kites have also been sn^^ 
ges^ed as a simple means of carrying a line from'^ a wreck t-o the shorej' 
and are manufactured for this puri)ose bj' the " Shipwrecked Mariners' 
Society, London Bridge." 

Theboard of trade employed to a great extent, until 1865, Dennett's 
rockets, in preference to Manby's shot ; and there can be no question 
hat the balance of advantages inclines strongly to the side o f tlie roek- 
e ts.^0 

**'■' I cannot discover the precise date when these shot were inti'oducedy but it api»ear» 
that the first issues of them were made in May, 1860, for the use of the coast guard nt 
Lowestoft ; and this marks tlieir first practical introduction. The proportions of the,*- 
shot, and of the different stores, fuses, lines, &c., which together constitute a com- 
jilete " Manbv's apparatus," were not offlciaUy determined or laid down until the '-iSth 
of August, 1862. (See War Office Circular 730, par. 633.) 

»« 12th October, 1833. 

" 13th January, 1862. 

"♦Evidently they are not generally available for carrying a line in the other direc- 
tion, as the wind will almost invariably be blowing toward the shore. 

*'*Tlie Times, 10th of December, 1864, contains two letters oh the subject. 

«" Rocket* are more portable, as also is the apparatus from which they are fired ; tht'T 
carry their own Illuminating agent, and are thus independent of fuses, do not require' 
BO long a line as a shot fireif from a mortar, where the angle of elevation is greati^r : 
and, finally, are more accurate, owing principally to the fact that the deflectio» 
caused by the action of the wind upon the line is in a great measure correct^xl by tli*' 
rocket having a tendency to fly up in the wind*s eye. 

In 1832 (3a December) the oi*dnance select committee experimented with some 
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III 1865 a rocket proposed by Colonel Boxer, R. A., was adopted by 
the board of trade to su]>ersede Dennett's rocket, to which it is preferred, 
because, "1st. The range of Colonel Boxer's rocket is little, if at all, 
inferior, and in every other respect it is much superior ; 2d. The com- 
bination of Mr. Dennett's two rockets is very objectionable, and from 
their velocity they frequently carry away the line, and sometimes both 
do not ignite. They ai^e also double the expense." ^^ 

These rockets are fast superseding Manby's shot at all stations, and 
the latter may shortly be expected to become entirely obsolete. 

There are two natures of Manby's shot in the service : the 24-pounder 
oblong (PI. XXXYIII, Fig. 1), or "cylindrical," and the 6-pounder 
spherical shot. They are designated 24-pounder and 6-pounder, respect- 
ively, from their calibers, not from their weights.** 

The 24-pounder oblong, or " cylindrical '' Manby's shot, is a cast-iron 
cylindro-conoidal projectile,^^ with a slightly rounded base,** and about 
IJ caUbers in length." 

The shot is drilled down its longer axis for the reception of a wrought* 
iron bolt, which passes completely through the projectile from end to 
end,* and projects about five inches beyond the base, terminating in an 
eye, to which is attached a plaited hide thong 2 feet in length. Four 
holes (Plate XXXYIII, Figs. 1, 2), for the reception of "fuses,''^ are 
(hilled into the shot at the base, equidistant from one another and from 
the center of the base, and slightly inclining inwards.'^^ These holes are 

Manby's and Delvi|rne*s shot a<];amst Dennett's 9-pounder rockets, and "the result 
was a'genersil conviction on the mind of everybody present, and shared by Mr. Del- 
vijTue, of the great superiority of the rockets over either of the other plans." 

'file rockets were fired 8in|<lv and in couples at an angle of from 30^ to 35^. 

**The single rockets rameA a line 240 yards, the double rockets 370 yards, with 
great steadiness of flight, and with less length and weight of line in proportion car- 
ried out than the pieces tired at 45"^. 

"The range obtained with Manby's apparatus, charge 12 ounces, was 200 yards; 
and with the same mortar firing Mr. Delvigne's elon^at^jd shot was 185 yanls'. The 
same shot, however, fired from the rifled 5i-inch howitzer at 28^, with lO' ounces, at- 
tained a range of 298 yards, l)ut the line broke three times." — (Extract from Reports 
and Proceedings of Orclnance Select Committee, vol. i, p. 199.) 

On the subject of the emi>loyment of rockets for carrying a line, see a work piib- 
lishcd at St. Petersburg, entitled "Application des Fusses au jet des Amarres Sauv«- 
tage, par G^n<?ral-Major Konstantiuott'," which contains a good deal of information 
upon tliis subject, and explains the construction of a rocket pi-oposed by the author 
for'this puri>ose very similar to the Boxer lilt-saving rocket. 

^» Report of Captain Robertson to the board of trade. The construction of this rocket 
and of the apparatus which is issued with it will be described in t!ie section on rocketn 
in a succeeding volume of this work. 

" For weights, see farther on. \ 

^ Perhaps more strictly au obtuse cylindro-ogival. 

^It is difficult to say whether this end should i)roperly be called the " base" or the 
** upper end," When the projectile is placed in the piece this end is toward the nmz- 
zle, and is, therefore, strictly speaking, the "upper end," but the shot changes its 
position on leaving the piece) and what was the front of the shot in the gun becomes 
the base or hinder part during its passage through the air. Therefore, and as the 
term is a more convenient one to use, I have designated this end the "base" of the 
projectile. I have also hesitated between the terms "slightly rounded" and "nearly 
tiattened" in describing the form of the base, bnt have selected the former as convey- 
ing, perhaps, a rather more correct impression of the ac>tual shape. 

^ For actual dimensions, see Plate XXXV III. 

**' A reference to the drawing of the section (see Plate XXXVIII, Fig. 2) will show 
the manner in which the bolt is secured to the shot, viz, by means of a projt'ctiug 
head or shoulder on the bolt, which is pushed into the shot from the base i.p to this 
r*honlder, so much of the bolt as projects at the top of the shot being hamnien <i down 
to form the head, and thus wcnrely riveting the bolt into position. 

'^ More properly lights (ride infra). 

^The inclination given is just sufficient to throw the flame of the buruin rpsea" 
free of the hide thong. 

9 AP 
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conical in form, and are about the same diameter as the fuse-holes of 
the 13 and 10 inch mortar shells.*^ They are about 3^ inches in length, 
and are roughed in the interior to afford a better hold to the fiises.*' 

The hide thong, or " strop,^ which is fastened to the eye-bolt, is nia<ie 
of four strips of raw horse-hide,^* doubled through the eye and tigbtly 
plait-ed, the plait being further secured by being stitched in several 
places with hide.^^ 

The end of the thong is formed into a loop, which is tightly wooltled 
with fine tarred apun-yam.^^ 

The shot and bolt are painted black before issue ; the thong is uu- 
painted. These projectiles weigh (\nth thong) about 30^ pounds. 

The 6-pounder spherical Manby's shot is rarely demanded, and is 
scai-cely to be considered as a ser\ice projectile. It consists of a dia- 
phragm shell filled with lead,^* and having an iron loop fixed into it, to 
which is attached a thong similar to that of the oblong projectile. This 
shot has no fuse-holes. It is painted black before issue, and weighs alwut 
8 pounds. 

2. Action of the Manhy ohhng shot. 

The action of the oblong shot is as follows : The end of a line^ is made 
fast to the loop-hole of the thong ; the rest of the line being carefully 
coiled either in a basket or upon the ground or deck,* and a fuse (Plate 
XXXIX, Figs. 1, C) is placed in each of the four holes made for the 
puri>ose. 

The fiises being uncapped, the projectile is placed in the piece^ with 

=Tor the actual dimensious, see Plate XXX VIII, Fi^. 2. 

30 This roughing i8 not effected in the same way a^i in mortar shells, by means of a 
sort of threa<l, but is done by cutting a number of 'shallow groove® about 0.2 inch apart 
around the sides of the holes. 

>• The hide is prepared with lime, and is technically known as "horse-hide-raw-lim*^-" 
The strips are cut with a tapering toward each end, so as to give the required ta^rto 
the thong when completed. In the history of this projectile it has been mention^ 
that Captain Manby trie<l st^veral materials for the thong before he adopted hide, anil 
it is deserving of notice that Captain Jemingham, R. N., who can'ied on a large num- 
ber of experiments with the apparatus, preferred nianila-rope thongs to hide. In a 
je])ort upon the subject he says, " Stroi)s of manila rope were found to be the uM»^t 
serviceable.'* — (Ca^itain Jerniugham's report, Her Majesty's ship Cambridge, Devon- 
port, April 27, iWiO.) 

-'^In a 4-plait of double hide. Tlie hide known technically as "white horse," <»r 
•'whit leather, '^ is used for this purpose ; it is the same material as is used for whip- 
thongs. Until 18(53 tine wire was used for this purjiose ; hide is preferred to wire \^- 
cauH<* the latter had a tendency to cut the thong. 

33It was not woolded until 18G3 ; by woolding the end, any chance of the line l^ein^ 
cut is diminished. 

=^^ Diaphragm shells are used because there are no other shells of this caliber; and ii 
has not been thought necessary^to manufactui'e a separate projectile when a diaplira>;ui 
shell answers the purpose perfectly well. 

^'-''The line generally used is a *' deep-sea line"; but there is issued with each appa- 
ratus 113 fathoms of l^-inch rope. (See V^'ar Office Circular 793, par. 633.) 

3«The coiling of the line so that it may run out free without check is a matter ot 
considerable importance. There are several ways of coiling it ; in a basket, or, if the 
beach be even and free from large stones, as follows : 'J'he length of the fakes not t«> 
exceed two yards (Fig. 1, Plate XLIX), as if they are longer the rope is more liahle to 
be bn)ken " by the proportionately increased vibration." — (Instructions for the iwe of 
Manby's apparatus.) 

Another wav, aw used in the whale-fisherv, is as follows: [Shown in Fig. 2, Pla^** 
XLIX.— D. A. L.] 

A third method, called ^* chain-faking," is sometimes employed. [See Fig, 3, Pla'*' 
XLIX.— D. A. L.] 

A fourth method is shown in Plate XL, Figs. 1, 2. 

»' A 51-inch (Coehom), mortar specially pre}>ared (with a crutch for tiring quiIl-frictJ«>n 
tiibes), was use4 for projecting these shot (see W. O. C. 793, par. 59H) until It^? ^"^ 
by 21-2-66, 51-20-8742, it was intimated that metal friction-tubes might be use«l with 
them. On an emergency they could be tired from a 24-pounder gun or howitzer. 
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its base toward the mtizzUj and upon the dischargee of the i)iece carries 
out the line, one end of whicli being retained, a comnumication is thns 
established between the vessel and tlie shore. The use of the hide thong 
is to remove the line from the immediate flash of the discharge, and so 
prevent it from being burned.'* 

The fuses serve, by the bright light which they give forth, to indicate 
the path of the shot and guide the firing party in laying the i)iece. The 
strength and direction of the wind must be considered in determining 
the direction to be given, the trajec^tory being aftk^ted by them to a very 
jr/eat extent, owing to the influence which the wind has ui)on the line. 

With deep-sea line, and with the ordinary charge of 12 ounces, the 
mnge varies from 400 yards <lownward, according to the strength and 
direction of wind.^ 

The Opoiuuler is used in the same way, with the exception that, hav- 
ing no fuses, the operation of fixing and uncapping them is dispensed 
\^ith."»^ 

Tliese projectiles are mainly used to establish a communication between 
the shore and a stranded vessel,** but the principle is applicable to a 
variety of other puri>oses, &c. 

3. Charges for Manhy^s shot 

Tlie maximum charge for the 24-pounder oblong Manby's shot is onlj' 
12 ounces, giving, with 45^ of elevation, a range from 400 yards down- 
ward, according to the strength and direction of the wind.^ If a higher 
charge is used, the line is generally broken.* There are no data on the 
subject of the charge for the 6-pounder spherical Manby's shot. ("Am- 
munition (English), 1867," by Captain Majendie, K. A.) 

^To connect the rope to tlie shot, and prevent it from being burned by the "power- 
ful inflammation at the discharge of the mortar.*' — (Observations, with directions, on 
the method bninght into nse by G. W. Man by.) 

^ In some experiments carried on in the Royal Laboratory, 1859, with a charge of 
12 ounces, elevation A'y^, the range varied from 260 to 40() yards. 

*'For the Manby 24-pounder cylindrical shot the charge is 12 ounces, giving a range 
of about WO yanls." — (Captain Frazer's Not<is on Materiel, p. 6.) 



In Captain Manby's Obnerration^ty with Directions^ <fr., lie gives the following charges 
nd ranges for the spherical 24-poundcr shot. (As this shot consisted of a shell of .Cl- 
inches calil>er tilled with lead, it must liave weighed considerably over 24 pounds, and 



and ranges for the spherical 24-poundcr shot. 

inches calil>er tilled with lead, it must liave w 

jirobably was al»out the same weight as the present oblong 24-i)ounder. ) 



(;i,arffe \ ^^'>th /l^^^-pnea With IJ-mch 



'i ouiioeB I 220 yardn. . 

I'f oiincf.H. I 270 yanls. , 

1 2 uiinceM 320 vardo . . 



180 yards. 
220 yanlH. 
250 vardM. 



It also app«;ars that in the determination of these runges the most unfavorable con- 
ditions had been taken, for in another part of his Observaticms Captain Manby snys, 
"An iron mortar * » * will jiroject a 24-pounder shot, with an inch and a lialf 
roi>e attached to it, 250 yards, or a deep-sea line 320 yanls, againut the utmoai power of 
the wind.'" 

^'No charge is laid down for the G-jmunder, nor are there any data to enable me to 
a^ign even approximate charges and ranges to this projectile. 

*^ With respect to this, the natural and simplest ap])li<;atiou of the i)rojcctiIe» the 
value of the invention will be more readily jierceived if we bear in mind that **the 
most fatal cases of shipwreck and the most frequent are those which occur within the 
distance of from 300 to 60 yards off the land.'' — (ObservatioriH, ^-c.) 

Captain Manby quotes several instances in which lives have been saved by his aj)- 
paratus; and doubtless our naval annals and the records of the board of trade would 
atlbrd many other instances of its successful application. 

» ride ftupra, foot-note :{9. 

'In some eorperimentif which were carried on in the Royal Laboratory at Woolwich 
in 1859 with elongated 24-pounder Manby's shot iind deep-sea line, the line broke with 
a 1-pound charge. With a stouter line than deep-sea line (U-inch rope, for instance) 
a heavier charge might perhaps be used. 
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4. Fuse for Manhy's shot, 

a. Old pattern fuse. 

The Manby fuse was adopted at the same time as the Mauby shot, viz, 
about 18r)9 or ISBO, but no official ai)proval of the fuse is to be found 
uutil ISiili. An alteratiou was etfeeted iu this fuse in LS()4, when the 
present pattern with paper lining was introduced. (Ammunition, 181)7 
^English), p. 238.) 

h. New pattern fuse. 

The fuse for Manhy's shof (Plate XXXIX, Figs. 1 to (5) is a fnistura of 
•a large mortar-fuse cone, taken at its thickest part,* and rather over 
three inches in length. The composition bore is concentric with tlie 
longer axis of the fuse, and is consi<lerably larger in diameter than that 
of the mortar fuse\ in order to increase tlie quantity of burning com 
position and the illuminating power of the fuse. The composition boiv 
is lined with a hollow cylinder of rolled jjaper,* to prevent the fuse ex 
ploding on the princijile of a tube, in the eveiit of the wood shrinkiiifr 
away from the (H)mi)osition.'^ The composition boi*e is presse<l^ or driven 
with 2.5 inches of solid fuse composition, matched (Plate XXXIX, T\^>. 
l-o), primed, bored into, and cajiped (Plate XXXIX, Fig. G), like alarjre 
mortar fuse. 

The Manby fuse contains no side holes or powder-channels, not beiiif? 
intended to be invpared for any particular time of burning. The posi- 
tion of the first and second inches are indicated by rings cut round the 
fuse. 

The fuse Is painted drab all over, except the cap, which is not painted; 
a black ring is i)ainted round the junction of the caj) and fuse. 

They are marked with the numeral, number of thousand and month 
and year of issue, in the usual way. 

These fuses are intended for use with Manby's 24-pounder life-savin;^ 
apparatus at night. They are i)laced in the holes prepared in the base 
of the shot, four fuses in each shot, and being uncapi)ed become ignited 
by the flash of the discharge, and serve to disfingiush the jiath of the 
shot through the air and indicate any error that there may be in 'May- 
ing.'' Strictly speaking, therefore, they are rather lights than fiises.^ 

The Manby fuses are issued in zinc cylinders, 16 in each, with a i)apei 
containing the following i)rinted directions for use : 

Fix the fuses firmly iu the shot with the mallet and setter. Reiuove the caps from 
the fuses by giving the tape a sharp pull, when the shot is ready for firing. 

NOTK. — Care must be taken to protect the priming of the fuse from moisture, — (Am- 
munition (EugUsh), 1867, p. 270.) 

* Present, pjittem (with paper lining), adopted 14th February, 1864. — [War Otti«'«* 
Circular No. 1 (new series), par. H75. Respecting adoption of original pattern, >*'*' 
supra, — I). A. L.] 

^As nearly as possible, the largest diameter of the mortar fuse i« 1.5^) ineh*^: tli:i' 
of the Manby fuse, 1.59 inches ; the development of cone of the two fuses is the sauH"- 

^The bort*'of the moriar fuse is .37 inch in diameter, that of Mauby's fuse .75 (nitas- 
uring outside of paper lining), or .6 inch (measuring insitie of paper lining). 

* 100-pound paper. 

*"I find, in consequence of the largeness of the bore for the composition of th'' 
Manby fuse, the wood is liable to shrink, and thus cause the fuse to explode instead '^l 
burning. To obviate this I propose to insert a paper lining similar to that used in n^X 
naval time-fuse." — (Letter from Colonel Uoxerto Director of Ordnance, 21st January. 
1864.) This alteration was adopted 14th February, 18154.— (War Office Circular >'«>• ^ 
(new series), par. 875.) 

« Fy hydraulic pressure. 

^The 6-pounder Manby shot have ng fuse-holes. 

"These fuses bum 1*2* seconds. Limits 12 to«13 seconds. — (Ammu., 1867, p. 286.) 

[N. B. — Some uuimportaut fo4)t-note8 have been omitted in making this extract.— 
D. A. L.] 
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CHAPTER 11. 
FRENCH LIFE-SAVING GUNS AND PROJECTILES. 

Tlie French life-savinfr service is in the hands of the "Societe Centrale 
de Saiiveta^ des Naufrages,'' and aecordini; to Capt. R. B. Forbes, of 
Milton Lower Mills, Mass., this society only dates back to 1805. 

Twopieces of ordnance, "le i)errier" and " Tespingole,"' have been used 
]>.v the French society for i)rojectin^ lines over shipwrecked vess(»ls. 

Below are jfiven the principal weights of these guns, projectiles, and 
rbarges, together with tlie gi*eatest ranges obtained by an exi)eriniental 
(•(miniission of French officers in 1800. 

Fn-nrh. English. 

WViglit of gun i^ kilos. I'^'^.t*'? pounds. 

Ek\ ation 30 (letrr«»es. 'AO flt*gre<*s. 

Wtight of powder charge 140 giani.s. 4.93 ounces. 

W».M4jht of projectile (fleche ) .5 kilos. 11.02 pounds. 

Extreme range 325 meters. !V)r>.43 yards. 

Deviation 17 meters. is.59 yards. 

Diameter of shot-line 4.5 millinieti'rs. 0.1773 inch. 

L'eftpingole. 

Freiicb. English. 

Wright of gun • 20 kilos. 44.09 ]M)unds. 

KI«'vation f 2.5 ilegrees. 25 degrees. 

Weight of powiler charge .50 grams. 1.7() ounces. 

Weight of projectih* (tleche) 2 kilos. 4.4 pounds, 

Extreme range J HO meters. 196.K5 yards. 

Deviation 36 meters. 39.37 yards. 

Diameter of shot-line 4.5 millimeter.s. 0.177*3 inch. 

In their rei>ort of November 17, 18C6, the French commission appointed 
to consider the siibje<jt of life-saving apparatus expressed the oi)inion that 
le perrier with a projectile weighing 5 kilograms (11.02 pounds) and 140 
grams (4.93 ounces) of powder, for ranges of 300 meters (328.089 yards), 
and Feitphigole with a x)rojectile of 2 kilograms (4.4 pounds) and 50 grams 
(1.76 ounces) of i)Owder, for ranges of 180 meters (19G.853 yards) and 
beh)w, woidd be sufiftcient for all their needs. The French Vecognized 
the fact that a line 4.5 millimeters (0.1773 inch) in diameter will require 
a larger line to be hauled out to the wreck before attaching the *' whip'^ 
or hauling line. 

])€lvigne\s gun. 

More recently M. August Delvigne invented a gun for projecting line 
carrymg arrows. The following descrii)tion of this piece is taken from 
('ai)t. K. B. Forbes's work entitled " Life-boats, Projectiles, and other 
Means for saving Life,'' published in 1872 : 

The new piece of ordnance got \\\> hy Delvipne weighs only 20 kiloH., is made of 
gnn-rnetal, ahiiOHt a straight cylinder, aliout IH inches hm*?, and haH an iron tail-piece 
«rr«*\%ed into the breech and pointed, so that in tiring it is simjdy thrust into the soil 
until the 8<(nare lireech brings np; the elevaticm is regulated by a quadrant and plum- 
njet put into tlie muzzle; the bore is about \\ inch, or half that of the perrier; the 
[lieci* carries wooden arrows, fitted with an iron tail to reach the charge, and at the 
muzzle these are much larger than the tail-piece, so that the shock of the explosion 
o]MTaie8 on the square liase of the arrow, which isi)rotected by a ring of metal. 

In loading this piece a vacant space is left as in the others (/e;jcrr»>/- and Vtapingole), 
and the cartridge is fired near its outer end; the piece being verj- short, this brings. 
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the vent about in the center of the lenj^th. The iron arrows are about one-thiitl lon- 
ger than the gun, and about half the kMigtli of the ari-ow \h in the gun when rt-ady to 
tire. The advantages elainied by Delvigne in this Htth* pieee over the long i/errier 
and Vespingole are it8 oheapnesH and portal)ility, while with sufticient charge it jfivej* 
nn equal or better range ; besides the wooden and iron arrows, lie fires a wowlen arrow 
•out of the peri-ieVj or ahnost any gun, which has cross-bars of round iron made mallea- 
ble to resist the shock. Thest* cross-pieces are fixed at right angles to the arrow, utar 
the outer end, and are about as long as three diameters of the an*ow. It is found that 
in firing tliis, the cross-pieces are bent to an angle of about forty-five degrees with the 
plane of the arrow, and thus form an anchor or grannel, useful for many purposes. 
I saw one projected at Vincennes about twohundrea yards from a fonr-i>ound riili-- 
gun, which held on to the soil sutticiently to have broken the line of about inch stuff. 

Having briefly described the various arms in use in France frn* casting lines, it 
becomes necessary to go a little into detail as to the means of attaching the lines, 
which without due knowledge and practice of the system will be quite useless. 

The wooden "flinches," or arrows, are made both round and eight-square ; thefoniier 
must be accurately turned and the latter x)l»u<^d true ; then^fore the latter are more 
simple and easy to make on boanl shij), or on shore. 

The "coulant," or, literally, «/W«r, consists of half a dozen turns of line put ou some- 
thing, as a whipping is put ou a rope, only the ends overlaid by the rest must be left 
out, so that the turns can easily be pulled taut ; much depends on this l>eing done 
right ; if the turns are too tight, the becket with its double biglit and the line raove^ 
too slowly, and the "coulant" jams half way, causing the fleche to wabble and turn 
over ; and if put on too loose, it runs down when the gun is fired, so fast as to break 
when it arrives at the j»rojecting ferrule at the base. It is not too much to say that 
all dei)ends on this being done right ; the fieche should be slightly greased and tht* 
line either fired from a ball or from the ground, as in mortar exercise. Practice has 
made this so perfect that in France failures seldom occur fi'om this cause. 

Arrows of wowl have the ailvantage of floating if they drop near the wreck, and of 
being readily recovered when they go beyond or fall short. The iron fleche is inteudwl 
for long ranges or strong contrary winds. The distance depends so much ou weatlier. 
on the amount of charge, elevation, and the line mniyng clear, that I will only »ay it 
varies from 180 to 350 meters (196.85 yards to 382.77 yardsjfc 

In 1872 Delvigne's new gun, weighing 20 kilos. (44.09 pounds), gave a 
range of 300 meters (328.09 yards), with a wooden fl^ehe weighing; 8 
kilos. (17.63 i)ounds), and a shot-line 8 millimeters (0.315 inch) in diam- 
eter. 



CHAPTER III. 

Section I. 3 INCH PARROTT MORTAR— SMOOTH BORE. 

1. Description. 

This mortar is the invention of Mr. R. P. Parrott, of the West Point 
Foundry, Cold Spring, X. Y. It is "made of cast iron and lined witb a 
•steel tube. The piece is cyUndrical about the seat of the charge, gra^l" 
ally taiKjring to the face of the muzzle. The breech is hemispherical. 
The trunnions are placed near the breech ; their pmjection upon a plane 
through the vent and axis of the bore, being in front of and tangent to 
a plane perpendicular to that axis and containing the front endof chaun- 
ber. The chamber has the form of the frustum of a cone. 

2. Shot. 

The projectile is of cast iron, cylindrical, with the ends rounded. Au 
eyebolt is screwed into the base t\u- the attachment of the line. The 
eye of this bolt is close to the l)a.se of the shot. The cylindrical i>ortioii 
is tiu-ned in a lathe so as to be almost a perfect fit for the bore. 
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3. Safety ATTACHMENT.* 

This contrivance consists of a piece of rubber, rectangular in cross- 
section^ about 1' long, 0".75 wide, and (K'.o thick, and of three or four 
galvanized-iron wires about 6' long, laid parallel to each other, loosely 
twisted and coiled into a helix of from 18 to 19 turns. The rubber strap 
is sometimes placed inside the coil, and at others outside of it. 

This combined strap and spring is interi>08ed between the shot and 
line in firing. The object of the combination is to absorb the shock of 
the discharge, and thus prevent the breakage of the line, by letting the 
first jerk come upon the rubber, which will generally break, and then 
upon the coiled wire spring. The wires will te straightened out before 
the fall strain falls upon the line. 

4. Dimensions, weights, &c. 

3'inch R. P. Parrott viartar.i 

Exterior diameter at breech 8.2 inches. 

£xt«rior diameter at muzzle 5.8 iuchet). 

Steel tube: Thickness of walls 0.6 inch. 

Thickness at bottom of chamber - 1.4 inches. 

Thickness of cast iron at breech 1 3 inches. 

Total thickness of metal at breech, iron and steel * . . 4. 4 inches. 

Diameter of bore 3 inches. 

Chamber, frustum of cone: Len^h 0.9 inch. 

Greatest diameter 3 inche^s. 

Least diameter 1.4 inches. 

Weight of mortar 301i5 jiouuds. 

Weight of carnage, orbed, wood, about 65.5 iwimds. 

Total weight, mortiir and bed.... 267 pounds. 

Projectile, 

Length 14.95 inches. 

Diameter, scant 3 inchcH. 

Weight, with safety attachment 24 pounds. 

The writer is indebted to Mr. Kemble, of the finn of Paulding, Kemble 
& Co., for the above information in regard to the Parrott mortar. 

.J. EXPERIKENTS WITH 3" PARROTT MORTAR, MADE AT THE WEST 
POINT FOUNDERY, COLD SPRING, N. Y., JUNE 20, 1877. 

This trial took place under the immediate supervision of Capt. J. H- 
MerrjTnan, United States Revenue Marine, inspector of the life-saving 
service, and in the presence of Mr. S. I. Kimball, of the Treasury De- 
partment, general superintendent of the United States Life-Saving 
kSei-vice. The writer also was present. 

a. Firing-ground. 

The firing was done over a marshy piece of ground ; the mortar being 
l>laced upon a raised platform near the edge of the mai'sh. A flag was 

* This device was invented ))y Capt. Douglas Ottinger, of the Revenue Marine, in 
the course of his experiments at the West Poiut Fouudery. It is referred to by Mr. S. 
I. KimbaU, in his "Annual Rei)ort of the Operations of the United States Life-Saving 
.Service, 1876," p. 24. 

t Mr. Parrott constructed two mortal's of larger caliber, one for the station at Peaked 
Hill Bar and the other for a station adjacent to it, upon Cape Cod, Mass. 

The following data are available in regard to these two niortai-s, viz : 

Caliber, 3.5 inches; weight of mortar, 300 pounds; weight of bed, 222 pounds; total 
weight ot mortar and bed, 522 pounds ; weight of projectile, 33 pounds ; charge of i)ow- 
(U*r, 8 ounce*; range, 496 yards. 
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posted 400 yards distant, to indicate the direction to,, be observed in 
pointing. After each shot a man was sent ont to measure the deviation 
from the line of fire and to ascertain the range of the shot. The i)lat- 
form for the mortar was made of loose earth overlaid with 2-inch plank 
place<l parallel to the plane of fire. Its arrangement and lack of solidity 
was such as to make the recoil of the piece appear more severe than it 
would have been under more favorable circumstances. The mortar plat- 
form was over 10 feet above the level of marsh. 

h. Pointing. 

The direction was given by the eye of the gunner, the elevation Vas 
obtained by means of a wooden quadrant and plummet. Xo great ac- 
curacy was observed in taking the elevations. 

e. Shot'Unes. 

Three different kinds of lines were used upon this occasion. 

1st. This was the smallest line — Diameter, 0".22 (estimated). It was 
bnuded like sash-cord. It was manufactured by the Silver Lake Com- 
pany of Xewtonville, Mass. The material is linen thread. Its exterior 
finish was very smooth and hard. The length wa-s 600 yards, and weight 
about 35 pounds. 

2d. The diameter of this line was a little gi^eater than that of the above. 
The material, Italian hemp; the length, 600 yards; weight, about 50 
pounds. It was twisted in the usual manner. It is the kind heretofoi*e 
employed in the service. It was manufactured by Cummings, of Phila- 
delphia. 

3d. An English rocket-line of Italian hemp, strands very loosely laid 
up ; line very flexible. Diameter greater than that of either of the other 
lines. Length, 560 yards; weight, about 42 pounds. 

(1, Charges of powder. 



These were measured, not weighed, 
der" was stated to have been used. 



Hazard's Standard " musket pow- 



e. Record of firings with 3" Parrott mortar^ at Cold Spring^ X. F., June 

20, 1877. 

[Projectile, weight: 24 pounds. Elevation: 2."3= in every case. Kind of powder: Hazard mnsket.] 



Powder 
charge. 



ill 



'I 






I Range 

•I 



lis 

I ^ I s 



Deviation of 
Hhot. 






Kind of line. 



II 

Hi 



w.. 



4 113.40 



6 I 170. 10 



6 ! 170. 10 
6 I 170. 10 
8 i 226. 80 



370 , 338. 33 17 L. 15. 50 L. Linen, Silver Lake (new). '^ 

W. \ 
350 320. 04 10 R 9. 14 R. Italian hemp (new) ^ 



(Wire broke.) 1 Engl i.sh rocket line . 



W. 



(Wirebroke.) do V^ 

W N 

281 I 256.95 6R.,5.49R do V 

W. ^ 
434 396.85 6 R. 5.49R. Linen, Silver Lake V 

473 I 432. 51 11 R. 10. 06 R do . 



W. 



Remarks. 



Light brceie. 

Light wind. 

Verj' light win«l- 

Barely pereepti 
ble.* 
Do. 

Almost calm. 

Light wind. 



• The force aud directions of the wind an* approximitions only, being estimatetL 
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/. Action. 

First shot. — Silver Lake linen line ran ont beantifully, without kink or 
knot. Shot kept point first in latt^er part of trajectory. Keeoil of mor- 
t<ar and be<l about G feet. 

Second shot. — ^Recoil, 7 feet; tore up platform and slid up bank in 
rear. 

Third shot. — Wire broke near the ])rojectile. Recoil of piece, 6 feet. 
Projectile rotated about its shorter axis. 

Fourth shot. — Recoil of mortar severe, upset carriage and broke it 
slightly. Part of line carried out, wire broke again ; shot rotated about 
shorter axis. 

Fifth shot. — Same line tied directly to the shot without the interposi- 
tion of the rubber and si>iral spring. Line caiTied out all right. Recoil 
f^evere, moitar and bed turning upside dowii. 

Sixth shot. — Line tied to shot. Violent recoil, mortar and carriage 
turning upside down upon the platform. 

Seventh shot. — Same line used (Silver Lake), and tied directly to the 
shot. Line kinked, a large knot being fcmnd about 100 yards from the 
point of tiring. Probably due to bad faking. Recoil very violent, mor- 
tar jumping from platform and turning upside down. 

Note. — In his later projectiles Mr. Parrott has changed the form of 
the base, making it more ]>oint^d, and drilhng a hole through it for the 
attachment of the line. 

g. Restdt. 

In regard to the above record of firings with the Parrott moitar, ^Mr. 
Kimball, the general sui)erintendent of the United States Life-Saving 
Senice, says: "At the trial a range of 473 yards was obtained. In view 
of this gi-atifying result, twenty-five of these guns were ordered and have 
been properly distributed."* 

[Copy fmin i)riiit<Ml record.] 

Section IL— IMPROVEMENT IX PROJECTILES. 

Specification forming part of letters patent Xo. 175742, dated April 4th, 
1870; application filed March 0th, 1870. 

To all ichom it may concern : 

Be it known that I, Robert P. Parrott, of Cold Spring, in the county 
of Putnam and State of New York, have invented a new and useful Ini- 
I)rovement in Combined Projectiles and Life-Lines ; and I do hereby 
declare that the following is a full, clear, and exact descrii)tion of the 
same, reference being had to the accompanying drawing, which forms 
part of this si)e<'Jfication. 

This invention relates to those means for saA^ng life by establishing 
communication from the shore or elsewhere with a vessel which ha« been 
wrecked, in which a shot or projectile having a line attached to it is 
thrown from a mortar. Ordinarily a round shot, having the line attached 
to it by a coiled wire, ha*s been used for said puri>ose, but there has 
always been a difficulty in reaching a distant vessel, as the charge of 
I>ow(ler, if increased, is apt to break the line at its attachment to the 
shot. In order to get greiiter range \^ithout thus exposing the line to 
breakage or disconnection, numercms attempts to attain the desire<l end 

*S<'e **Annual Report of the Operations of the United States Life-Saving Service for 
the fiscal year ending June :^0, 1^77," p. 40. 
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have been made with an elongated shot, which, owing to the reduced re- 
sistance it presents to the air over or as compared with the round shot, 
has a greater rauge for a given charge of powder. But in the pre\ioiis 
use of elongated shots for the puiT)ose prai'tical difficulties have arisen, 
either as regards the disposition or connection of the line and in other 
respects, which have involved so much complication or otherwise been 
so defective, that objections have lK>en raised to the use of them. 

My invention not only obviates these defects, but combines, in the 
use of an elongated projectile for the puiT>ose named, cheapness, facility, 
and efficiency. Thus I use a simple or {)lain elongated pix>jectile, ha^inJJ: 
no groove cut lengthwise in it for reception of the line as in a certaiu 
other method, but I attach the line l)y its coiled wire to the point or 
front end of the elongated projectile as inserted in the mortar, so that, 
when firing, the check which is produced as the shot feels the draw of 
the line causes the shot to be turned over end for end. This, bj' reason 
of the elongated fonn of the shot, materially eases the strain or reduce.s 
the first shock upon the line's attaehment to the shot, and the shot, which 
draws the line after it, goes i)eifectly true to its destination. In this 
way, or by these means, I get a long range, and avoid breakage of the 
line's attachment to the shot, also secure a tnie travel for the latter. 

In the accomj^anying drawing (Plate L), Fig. 1 represents a longitudi- 
nal section of a mortar with an elongated projectile having a life-line 
attached and as about to be thrown, the whole being constinicted in ac- 
cordance with my invention. Fig. 2 is a view on a reduced scale, show- 
ing the projectile after it has been turned end for end as it fii-st feels tbe 
draw of the line upon it, and showing said shot with its attached line in 
the course of its flight. In Fig. 1, A is the mortar ; B the elongateii 
projectile, having the line C connected through the interposition of a 
spring or coiled wire D with the forward end of the shot as the latter 
is inserted in the mortar ; and E is the charge of powder by which the 
projectile, with its attached line, is thrown from the mortar, said line 
being laid in a loose coil outside of the moitar. In Fig. 2 the same lettei*s 
apply to like parts, but the shot has been tiu'ned end for end as it first 
feels the draw upon the Une. 

It is not necessary that the coiled wu'e D should of itself be the spring 
or only spring interposed l>etween the end of the projectile and the line, 
inasmiich as a ntbber strip or spring, F, may be independently applinl 
to connect the line with the projectile and such elastic strii> or spring l>e 
passed through the coiled-wire connection D. 

I claim — 

The combination with the elongated projectile B, of the line C, and in- 
terposed spring or coiled wii^e D, applied to connect the line with that end 
of the elongated pmjectile which is forward or outermost when the pro- 
jectile is inserted in the mortar, substantially as and for the puqwses 
herein set forth. 

ROBERT P. PARROTT. 

Witnessse: 

Henry Jaycox. 
Alexander Skene. 
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CHAPTER IV. 

HUNT'S LIFP]-SAVING APPAKATUS. 

Section I. 

Mr. Edniuiul S. Hunt, of Weymouth, Mass., ha/S invented a line- 
throwing apparatus, intended for life-Having: puq)oses. A full descrip- 
tion of this invention is given below in the speeitieation forming part of 
tlie letters patent, and in the letter fi-oni Mr. Hunt to the Secretaiy of 
the Treasury, dated Febniarj' 7, 1878. 

The writer was present at several trials of this projectile. The results 
of his observations will be found upon subsequent i)ages. 

IMPROVEMENT IN LINE-THROWING APPARATUS. 

8i>ecilication forming part of letters patent No. 203274, dated May 7, 
1878; application tiled January 25, 1878. (See Plate LI.) 

To all whom it may co^ieern : 

Be it known that I, Edmund S. Hunt, of Weymouth, in the county of 
Norfolk and State of Massachusetts, have invented certain improve- 
ments in line-throwing apparatus, of which the following is a full, clear, 
concise, and exact description, reference being had to the accompanying 
drawings, making a part hereof. 

My invention is more especially designed for throwing a line from the 
shore to a wreck or from a wreck to the shoi^e, but is, of course, adapted 
to other uses. 

The drawings illustrate a shot having my coil-case applied to it, also 
one of my hand coil-cases, and also a line-suppoii: attached to the gun. 

The distinguishing characteristic of my invention consists in the projec- 
tile made up of a short hea\y shot and a long light case containing the 
line, the case l>eing open at the mouth, and the projectile adapted to be 
fired with the shot next to the powder and the coil-case at the mouth of 
the cannon, and to reverse itself soon after it leaves the gun. 

The minor features of my invention relate to the mode of coiling the 
line and the mode of holding it and of preventing injury to it from the 
gases which escape from the mouth of the gun. 

In that form of projectile shown in the drawings, A is the powder, B 
the shot, C the coil-case, and D the coil. Vj is a w(M)den mouthpiece 
attached to the case C, in oitler to make it sure that the sharp edge of C 
shall not injure the line. 

The end If of the line is, where a light line is used, attached to a short 
piece of stouter line rf*, the line (P being less likely to be injured by the 
escaping gases, &c., near the mouth of the gun when fired. For a like 
reason the line cP is supported, as shown, by the supi)orter G, which 
prevents it from l>ing direcjtly across the mouth of the gun, that being 
the most unfavorable position for it. 

The coil is formed by winding the line upon a mandrel, the line pass- 
ing through a vessel containing melted paraftine or other like substance, 
and also x>assing through a proper tension nie<*hanism, to make the coil 
compact. A single coil is first wound of the desired length; next a 
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second coil over but the reverse of the first ; then a third like the first 
but over the second ; then a fourth like the second but over the thirtl, 
and so on, forming a compact cylindrical coil, containing the desiml 
length of line, the size of coil varying, of course, with the length and 
size of the line. The hand-coil is made in the same way. After the coil 
is put in the case a small amount of melted parafline is appijlied between 
it and the case, and it is thus held securely in the case. 

I propose in practice to make the hand-coil of considerably heavier 
line than the shot-coil, using for the hand-coil the line (P. 

I prepare my improved ajiparatus by putting the hand-coil and shot- 
coil mouth to mouth and covering the joint with a short metal eylinder, 
and make the whole water-tight by a proper casing. 

To use the apparatus, sejiarate the hand-coil from the projectile, load 
the projectile mouth outward, place the line (P over the supporter G, as 
shown, and hold the hand-coil in the hand, its mouth in the same direc- 
tion as the mouth of the gun. When the gun is fired, only a small ])ortioii 
of the line from the hand-coil will be drawn out. The length of coil in 
the shot should be considerably in excess of the travel of the shot, whiob 
will, of course, depend upon well-known principles. 

I am aware of patent Xo. 23720, of 1859, to Trowbridge, which de- 
scribes a sounding apparatus on a principle closely analogous to the 
j)rinciple of my new projectile ; and I disclaim all that is described and 
shown in that i)atent. 

I am also aware of the French patent to Delvigne, A. D. 1847, vol. 10, 
plate xlii, which shows a shell or hollow shot with a coil of line and a 
hole at the base of tlie shell through which the line extends. This I 
disclaim, as my projectile has the coil-case at that end of the shot far- 
thest from the powder, and tlie mouth of the coil-case is at its front end 
wiien the shot is in the cannon, the shot proper being so much heavier 
than the coil-case and coil that when fired the projectile will reverse 
itself as soon as it leaves the gun, that is, when loaded the shot is be- 
hind the cx)il-case and the mouth of the case is forward, but during nearly 
the whole of its flight the shot is in front and the coil-case behind it, the 
mouth of the (;ase being then at the rear of the projectile. In this way 
the coil-case can be made of sheet-metal, which is altogether too weak 
to resist the shock of the explosion, and the center of gravity of the pro- 
jectile be brought Aery near the powder, thus protecting the coil and 
coil-case from the shock and from the gases without the use of a sabot 
or any other contrivance, besides greatly reducing the cost of the pro- 
jectile. 

What I claim as my inA^ention is — 

1. The projectile above describeii, composed of the shot Band coil-case 
C and coil D, the coil-case being open in front, and the shot B being 
much heavier than the coil-case and coil, the whole constructed and ar- 
ranged substantiallj' as shown, and adapted to be tired with the moutli 
of tlie coil-case outward, and to reverse itself as soon as it leaves the gun. 

2. The coil composed of a series of coils, packed with xjarafiine or its 
equivalent, substantially as described. 

3. The supporter G, in combination with the gun II, substantially as 
and for the i)urpose si)ecified. 

4. The improved mode of throwing a line aboA e described, consisting 
in using a hand-coil in connection with a shot-coil, the latter coil being 
in a c^se or holder forming a part of and traveling with the shot and the 
former coil being hehl stationary, the lines composing the two coils be- 

ng joined together at their contiguous ends, all as above described. 
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Section II. 

[Mr. Hunt's letter to the honorable Secretary of the Treasiirv.] 

Weymouth, 31 ass., February 7, 1878. 

Sir : Inclosed is a copy of my shell (3-incli) for cairyiiig- a line for life- 
BHving piirjioses, a de.scrii)tioii of which I will now jj^ive. 

The case of the shell is made of tin, with wings of the same. In the 
end is cast a leaden shot, made so as to lit the gim accui'ately w ithout 
windage. The tin shell contains the line, wound, as the model shows, in 
the closest possible sparse. The line being prepared in paraftine and 
drawn from the center, comes out without fouHng and without any drag 
on the shot, it traveling about as far with the Une as without it. The 
wings are to keep the shell in line, and in so doing goes a much greater 
distance than if turning in the air. The coil. No. 2, I hold in my hand 
when the gun is fired, between which and the shell is a stout coixi con- 
necting the two small lines. On my gun is a ix)d, carried out from the 
gmi in a line with the bore, with a fork or crotch in the end, that this 
comiecting line is carrie<l over, saving the line from breaking at the 
moment of dischai:ge. The coil in the shell is the same as the 2-inch, 
only there is much more line in the shell. 

In using, I place the powder in the gun and put in the shell shot end 
<lown ; then cany the heavy Une over the rod and hold tlie coil No. 2 in 
my hand, and apply the nmtch. The result is this : the shell leaves 
the giui and immediatelj' turns over and takes its coui^se, the line pay- 
ing out from it until it strikes the object intended. The explosion of the 
powder seems to throw the heavy cord that connects the two lines some 
two or three hundred feet from the gun, and then you find the end of 
line in the sliell, so that a small part of the line is taken from the hand ; 
and that is taken out by the fire explosion, and after the shell has reached 
the ground and the line being in the air, in falling draws from the coil. 
A shell size of the model will carry a line size of one now in it 1,000 
feet with J ounce powder at a very iow^ elevation ; with a shell of 2-inch 
diameter and a charge of 2J ounces powder a range of one-half mile, 
C4irrying the same line, which, though being smaller, is very strong, 
being the same used by me for drawing a rope of sufiicient size to tow 
a hawser in an exhibition before the Ilumane Society at Hull last week. 

In this method of throwing line, a sufficient amount of line to reach 
the object must be always coiled in the shell, as, if the wind is directly 
ahead, but little, if any, line will be taken from the hand, and the slack 
of the line will fall behind you. For this reason it is always better to 
have ready more line in the shell than what is wanted for the distance 
the shell goes, a side wind taking up more line than a head wind or one 
with you. 

The advantages I claim over the old methotls are these : 

1st. The line has no effect on the direction of the shell, it simply pay- 
ing the line out, the shell going as directed with a side wmd as with one 
with it. 

2d. The shell goes seemingly as w^ell with the line as without, so that 
distance is overcome very easily. 

M. The gun is a very small affair, my largest 3-inch gun for experi- 
menti) weighing but 30 pounds. One that has thrown a shell and line 
A mile weighs 10 pounds without the carriage. 

4th. The lines are all put up in paraffine, so that the weather cannot 
injure them from wet, cold, or heat. 
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5th. The whole affair, gun, shell, and line, can be carried by one man, 
requiring neither horse nor carriage. 

Very respectfullv, vour obedient servant, 

EDMUND S. HUNT. 
Hon. John Sherman, 

Secretary of the Treasury, Wmliington., D. 0. 

N. B. — The above is a transcript of an official copy of Mr. Hunt's let- 
ter;— D. A. L. 

Section HI.— TRIALS OF HUNT'S APPARATUS. 
I. First triai.. 

The first trial of this apparatus in the presence of the writer occurral 
at Weymouth, Ma«s., during the latter part of February, 1878. 

The following is an abstract of a report of that trial made to the Gen- 
eral Superintendent of the Life-Sa\ing Service: 

1. Firing-ground. 

The firing-ground was very uneven, w^as covered by a growth of bushes 
and trees, and was intersected by a strip of swampy ground. At the 
point where the shot usually fell the ground was considerably higher 
than it was at the firing-point. A flag was placed at (an estimated) 400 
yards distance from the guns. This flag was on or near the crest of the 
iiilL No range had been measured, 

2. Quns, 

There were two of these : 

Ist. A 2-inch caliber, weight about 10 pounds ; length of bore about VI 
inches. This piece was made of a short length of " drawn " braids tubiojr. 
and had a reinforce of steel or wrought iron around the breech. The 
breech-plug was a piece of cast iron fastened to the cylindrical portion oi 
the gun by two wrought-iron pins. 

2d. This gun had a caliber of 3 inches ; its length was a little greater 
than the 2-inch gun, and its weight was about 40 or 45 pounds.* It also 
was made of brass tubing. It had t\vo reinforcing bands, the inner of 
steel or wrought iron, the outer one of brass. The cast-iron breech-plu^r 
was held in jiosition by pins. It was stated by the inventor that these 
guns were only temporary contrivances to show the principle of his 
invention. 

Though the whole gist of his invention is contained in his projectile, it 
has been deemed necessary to a definite understanding of the subject to 
give some of the more prominent correlative details. 

3. Projectiles. 

These were tin cylinders with leaden heads cast upon them. The coils 
of line w^ere stored Inside the shells. The total length is between 16 auil 
18 inches. Two-inch and three-inch calibers were used. The 2-inch shell 
with line weighed about 7 pounds, tlie 3-iiich with line about 10 i)Ountis. 



*Tlie above weipjlit, 40 or 45 pounds, was the one given me by the inventor on U'«' 
(late of trial. It may be noted that in his letter to the Secretary of the Ti-easury th** 
inventor states the weight of the 3" gun to }>e '*but 30 pounds.'' It is probable that 
the latt<^r was the weight before the outer reinforcing baud was added to the giin-" 
D. A. L. 
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4. Shot-lines. 

Two sizes of lines were used. The smaller line was made of pack-thread 
and U8e<l in the small shells. The larger line, used in the 3" shells, 
weighetl about 3 pounds. After tiring it appeared to be about the size 
'^ Silver Lake No. 3 J." The material was linen thread, loosely laid up in 
three strands, without much twist. 

The lines were put up in coils 6 inches long, and were saturated with 
paraflBne. The lines were prepared for use by coiling around a spindle 
placed in a lathe. The ends of the lines in the coils were tied together, 
after which the coils are inserted in the shell one above the other, three 
in all. A similar coil w^s held in the hand of the operator when about to 
fire. The ends of the lines in the shell and hand coil were made fast to 
the extremities of a larger piece of line (No. 7) about three feet in length, 
which was passed over the line-supporter that projects over the gun. 
This device is to prevent the burning oft* of the small line by the escap- 
ing gases at the instant of discharge. 

5. Powder. 

The Oriental Powder Company's "Duck" powder wa« used for firing. 
Charge, 2^ to 3J ounces, by measure. No cartridge-bags were used. 

6. Recoil 

As these experiments were only to test the line-carrying propeities of 
the projectiles, no gun-carriages had been provided. The guns were 
mounted in a notch or groove cut in a log. This piece of timber was 
imbedded in the earth flush with the surface; of course no recoil was 
apparent. 

7. Experiments. 

Five shots were fired. 

1. This was with a 2-inch projectile and pack-thread fired from the 
small gun. Tlie projectile, notwithstanding the "wings," turned over 
and over about one of its shorter axes. Eange between 350 and 380 
yards. A portion of the force of the powder was expended in blowing 
out the breech of the gun. The bowing or drift of the light line was 
considerable, though the wind w^as very light. The line paid out w ell 
from the coils. 

2. Three-inch projectile from larger gun. Shot turned over three or 
four times and then proceeded point foremost. Shot deviated but little 
from plane of fire, but the line drifted badlv. Range, estimated, nearly 
;tOO yards. 

3. Three-inch projectile used. Shot turned over two or three times. 
Line paid out in bunches, from the coils catching on each other. Line 
did not drift so badly as in last shot; operator drew in part of the slack 
from the rear. Eange about the same as the above. 

4. Two-inch shot. Shot turned over once or twice and then kept point 
direct to the front. Eange good, about 400 yards. 

5. Two-inch shot. Projectile turned over twice, and attained a good 
range, estimated by those present at 600 yards. There was a difference 
of opinion as to where it fell. No one went out to see where it struck 
at the time. The writer thought it fell inside of 500 yards, but the 
shadow of the woods rendered the point of fall uncertain. 
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S. Remarks. 

The line was not broken or cut in a single instance, and Mr. Hunt 
^ated that it had never been cut during any of his experiments. 

The first spring of the projectile into the aii* generally earned a \m- 
tion of the line from the coil which wa« held in the oiierator's band. 
After the reversal of the shot the line was paid out fiom the coils in 
the shot. 

There are two chances for the line to be carried out instead of one, 
namely : 1st. From the coils in the shot ; 2d. Fi*om the coil in the hand 
in case the first line should foul in the projectile. The line was badly 
twisted by being drawTi from the center of the coils, as every tuni in 
the coil counted as one twist This trouble has been obviated by Mr. 
Hunt by winding the coils in opposite dii^<5tions. It w^ould not \ye easy 
to prepare the line for a secjond shot, as it would require a lathe to do 
the work expeditiously. 

[Note. — Later Mr. Hunt stated that in aetual service he intended that 
the line and shot should ]>e vsacirificed after once firing, the value of 
which is a small matter as compared with a single human life.] 

Mr. Hunt pointed out where various shots had fallen that had at 
tained gieater ranges than any procured diuing this trial. The largest 
line used by Mr. Hunt upon this occasion had a breaking weight of 8.S..1 
pounds, and a stretch of 3 inches in a length of 6 feet. 

SECOND TRIAL. 

The se4M>nd trial took place at Weymouth, Mass., May 7-8, 1878. At 
this trial Mr. Hunt had a new gun, caliber 3 J inches. He stated that 
he had not weighed it, but gave its weight as '^ about 70 pounds ''and 
the weight of the carriage as ^* about 80 i)ounds." The plan of the con- 
struction of the gun was similar to the 3-inch gun before descril)ed. but 
it was a much better gun. The reinforce band was of bronze. The car 
riage was made in two parts — the upper part of iron, in form reseuiblin;: 
a mortar-bed as usually constructed ; the lower part was a piece of 
heavy plank about 40 inches long, about 12 inches wide, and about 3 
or 3| inches thick. The iron portion was bolted to the wooden i)art. 
Rope loops fore and aft served as handles for transiwrtation. The whole 
weight the inventor estimated at 150 pounds. 

1. Projectiles. 

OutHide length 21.5 iucb»>. 

Inside of shell— length VJ incln'^ 

Diameter, exterior, little less than ! 3. 5 inehf!' 

CoU of line for8hot,No. 4^ — ^length 17. t> iiiclh*. 

diameter 3 inoh«^- 

Weightof shot, empty U. 1 -h iwuihK 

Weight of shot with line inside, ahout 15 potimi^ 

The above dimensions and size of coil (for inside of shot) are thos*» of 
the projectiles and coils used in the third series of trials at a later date. 
At the second trial at Weymouth, some of the shells had more than one 
coil inside — probably three. F'or his later experiments with larger liut"^ 
(Nos. 4i and 7), Mr. limit used but one coil in the shot. After placiusJ 
the line' in the shot, a wowlen plug with a hole in the center for the liw** 
to pass through was put in the shell over the cord and held in i)0siti*^n 
either by indenting the tin case around it or by folding down the rim hy 
a slight blow to prevent the plug from coming out when the shot vaj^ 
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reversed. These projectiles had a reinforce of galvanized sheet-iron 
around the lower end of the tin shell to strengthen it suflacientiy to 
stand the shock of discharge without upsetting. There is about 1 inch 
of lead ca«t upon the headjpoint) of the projectile, and then 6 inches in 
length of the sheet-iron. The head is flat, the plane of its face being 
l)erpendicular to the axis of the projectile. Even this sheet-iron envel- 
ope does not prevent a certain degree of upsetting when large charges 
of powder are used. 

Firing record at Weymouth, Mass, 



Date. 



187& 
May 7 

7 

7 



i 


«r 




1 


h 

6 a 


1 


^ 


S 


73 


fC o 


^ 


1 


o 




221 


H 


^ 


22i 


4 


^ 


15 


4 


H 


20 


4 


3} 


221 


3 


8J 


17J 


3 


H 



w. 



w. 



4J 



BemarkA. 



Abont400 

450 

400,440 



CShot rotated two or three times aboat 
I shorter axis. 

Shot rotated two or three times. 
Shot rotated three or four times. 

iWind on May 7 very light and variable ; 
wind blowing almost directly ftom the 
rear. 
i Velocity of wind = 8.66 feet per second >= 
4.49 miles per honr ; flight of shot good ; 
wind in rear ; no sustaming-rod used. 
Shot rotated three or four times; very 
little drift of line ; wind light, and varia- 
ble in direction ; shot fell on soft ground ; 
was picked up in good condition ; veloc- 
ity of wind alter last shot = ty.l per sec- 
ond =6. 14 miles per hour. 



THIRD TRIAL. 

Firing record at Marblehead, Mass, 



Date. 



187& 
July 2 



1 
2 

2 3 

I 
I 

2! 4 

I 

2! » 

I 



25 
24 
20 

25 

20 



I 



Good 

....do 

C Parted at) 
I a splice. ) 

Cut 

Good 



W. 



4J 



H 



\ 



*400 
Over 300 



Over 300 



Remarks. 



C Boats anchored 300 3'ards 
\ f^om shore. 
< Shot rotated two or three 
I times. 

{C Parted line at a splice in 
( hand-coil. 
Line part«d 77 yards ftiom 
shot; probably cut off by 
sharp edge of hole in plug 
at end orshot. 



* Tbeae ranges are all estimated, but as they went beyond the line of boata, which were 300 yards out, 
no attempt was made to secure any greater accuracy. 

Firtt shot—lAjie drifted to left about 20 yards at 200-yard range. 
Second shot. — Line drifted to left but fell over boats. 
Third ahot — Six hundred feet of line said to be in coil in shot. 
Jfoufih ihot — Three hundred feet of line said to be in coil in'shot. 
Fifth fAot— Only about 20 feet of drift in line. 

The trial at Marblehead, Mass., July 2, 1878, took place over water. 
Four boats were anchored, end to end, 300 yards from the beach. The 
10 AP 
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boats were each 13 feet long, and were 23 feet apart, mailing a line of 
121 feet long parallel to the beach, over which to throw the shot -Hue. 
The wind, though very light, was from the right and rear. The gun was 
pointed over the boat on the extreme right of the line. 

2. S^marJcs, 

The shock of discharge is often sufficient to drive the wooden plug in 
the outer end of the shell down several inches ; in one case, when meas- 
ured, it was found to be six inches from the mouth of the shell. 

Mr. Hunt uses lines which are termed "soft laid" from the manner in 
which they are put together without much tension upon the strands. 
These lines have no "finish" upon them when received from the maker, 
but are passed through melted paraffine as they are coiled upon the 
spindle. Opinions diflter in regard to the manner of laying up cords for 
shot-lines, some claiming that the hues should be "soft laid," others 
that they should be "hard laid." 

A "soft-laid" line is probably not so apt to be cut in hauling it across 
the side of a ship as the solid-braided line. It is, however, easily com- 
Ijressed, which, for a small line, makes it a little more difficult to grasp. 

It is but just to Mr. Hunt to say that he has not yet perfected all the 
details of his projectile. At the writer's suggestion, the inventor laid 
aside the "supporting rod" attached to the upper side of the gun, and 
discarded the intermediate piece of large line which connected the coil 
in the shot with the hand-coil. These devices were intended to keep the 
line from being burned off at the instant of firing. No difficulty was 
experienced from their omission, as the shell i)rojects about six inches 
beyond the muzzle of the piece ; a sufficient distance to prevent the 
escaping gas from burning olf the line. This projectile has SiJIat surface 
at the front end to oppose the wind in its flight. This form of head is 
objectionable on account of the increased resistance of the air which it 
develops. The form of the point of a shot has a great influence iii>oii 
the intensity of the resistance which a projectile Tvill experience in 
moving through the air. The following facts in regard to the further 
efficiency of this projectile should be made the subject of a more extended 
experimental investigation, namely : 

1. The action of the projectile in windy weather, with both cross and 
head winds. This is especially desirable when it is borne in mind that 
the wind's force varies directly as the square of its velocity. "Thus, 
when the wind's velocity is 20 miles per hour, its force is four times as 
great as that of a wind blowing 10 miles per hour." 

2. The maximum charge that may be used without upsetting the pro- 
jectile. 

3. The effect upon the strength of the lines by having a knot tied at 
the junction of the coils in the hand and shot. Knots are generally 
points of weakness. * 

4. The effect of the free use of paraffine upon the ease of handling. 
It is probable that this projectile, from its lightness and compactnes.^ 

may be best suited to carry on board vessels for use in cases of strand- 
ing. The wind, in, such instances, is generally blowing on shore, and 
the small weight of the shot would not be such a serious disadvantage 
to it as when firing against the wind. It is a well-known fact that the 
heavier the projectile, for the same caliber, the greater vnU be the range, 
other things being equal. The mass of the Ilunt projectile is rather 
small for the area of its cross-section, and it is constantly diminishing 
during flight. The ballistic capabilities of this projectile against a 
strong wind can only be demonstrated by experiment. 
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CHAPTER V. 

CHAJTDLER'S ANCHOESHOT. 

(Plate LII.) 

In the Army and Navy Journal of April 27, 1878, page 607, the writer 
finds the following : 

Capt. Ralph Chandler, U. S. N., has invented a shot which is intended for the use 
of Hhips onshore (aground), where the snrf is too heavy for boats to land without the 
assistance of a line. It can also be used at life-saving stations to throw lines over 
beached vessels or vessels in distress. As an implement of war, it wiU be useful in 
waters where torpedoes are supposed to be located. A ship can anchor near the sup- 
posed torpedoes, throw the shot two or three hundred yards toward them, and haul it 
home, breaking such wires as it may encounter. It is very simple, and its simplicity 
insurea its successful working, and its cost is veiy little more than that of an ordinary 
shot. It is merely a shot with hinged anchor-flukes projecting from its sides and fold- 
ing back into slots, so as not to interfere with the entrance of the shot into the gun. 
To the rear of the shot a chain or wire-rope is attached, and carried to the front of the 
shot through another slot. 

In using it, the shot is to be inserted into the muzzle of the gun far enough to bring 
the ends of the arms inside the muzzle, the chain or wire-ropo attached to the rear of 
the shot brought out through the slot, the straj) taken off, and the shot pushed gently 
home. The springs under the arms, always bearing or pushing them outwards, will 
extend the arms as soon as the shot leaves the muzzle of the gun or mortar, and a perfect 
anchor will be projected. If in its flight the arms are brought in contact with anything, 
they will close until the obstacle is passed, and where the shot lands, its holding power 
will be equal to any kedge anchor of the same weight. It appears to be a most useful 
invention. If the Huron could have landed a shot of this description, by it the balsa 
could have been hauled ashore with a hawser or large line attached to it. One of these 
shots made for an eleven-inch gun would have power enough to carry a two-inch rope 
a-shore, and after the shot was once ashore and well hooked, all the hoata of the shix* 
conld be hauled ashore without any other line. 

The flukes of this anchor-shot are three in number, placed equidistantly 
around the circumference of the shot. 

The writer has been informed that up to the present time (July, 1878) 
this projectile has not proved to be as satisfactory as was anticipated. 

Note. — The illustrations of the Chandler anchor-shot were taken 
from Harper's Weekly of June 15, 1878. — ^D. A. L. . 

The following account of experiment^ made with Chandler's anchor- 
shot has appeared in the Army and Navy Journal since the above was 
written : 

Experiments were made with Chandler's anchor-shot off Paddock's Island, Boston 
Harbor, July 20, 1878. Gun, 3*Z-pounder, of 33 cwt. ; jnnk wad behind shot at each 
fire; size of line, 2f inches ; whale line. Elevation of gun, 12^; wind across line of 
lire, moderate breeze. 



Fires. 



Weight of 
powder. 



Weight of 
shot. 



LenjE^th of line 
thrown straight. 



Slack 
line. 



Total 
fathoms. 



1 
2 
3 
4 
5 
6 

8 
9 



Lb». Oz. 
1 



Lbt. 



78 I 
78 I 
78 ! 
78 I 
78 
78 
78 
78 
78 



FaiJumit. 

04 
112 
Line broke close 
127 
137 
150 
100 
157 
157 



FaUiom». 
15 
18 

to shot. 
15 
10 
10 
15 
15 
15 



Fathoms. 
109 
130 

142 
147 
160 
175 

172 
172 
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Towards the end of the experiment the line became soaking wet, which increased its 
weight to that extent that four ounces increase of charge in the last fire did not in- 
crease the range. 

To make these experiments perfect, a uew and dry line ought to bo used at each dL»- 
charge. 

It IS evident that with a heavy shot and a large calibered gun there is nothiujj to 
prevent four hundred fathoms of line being thrown. In the first seven fires a short 
section of wire rope was attached to the shot and the line spliced to that, but in the 
last two the line was fastened directly to the shot, and served with rope yam well 
soaked in water. The line was not burnt in the least, and a large eight-oared cutter 
was hauled ashore by the line. — (Extract from Army and Navy Joiunial of August 10, 
1878.) 



CHAPTER VI. 

LIFESAVING KOCKETS. 

I. Life-saving rocket (boxer, 12-poxjnder).^ 

[Extract from "Treatise on Ammunition,'' by Major W. R. Barlow, R. A., published 

in London, in 1«74. ] 

(Plate XLI.) 
The life-saving rocket 

Dennet's " twin " rockets were superseded by Boxer's on 15, 3, '65. Tliis 
consists of two rocket bodies, one being fixed in prolongation of the 
other, to give great length of burning and flight, without any sudden 
violence, which might break the line which it carries,* or iri'egularity 
from uneven burning. 

Thus it will be seen that ''instead of making one cavity in the rocket, 
two cavities {c &) are formed, the one behind the other, with a portion 
of solid composition (b) between them, so that when the solid comiwsi 
tion lb) is burnt through, the front cavity (c) is ignited, thereby impart- 
ing to the rocket an additional impulse." The stick (d d) is fixed at the 
side of the rocket. The line {e e) is passed through a hollow at each end 
of the sticky as shown in the annexed cut (Fig. 1, Plate LIII), and the 
end of the line is secured by a common overhand knot; two India-iubber 
and one brass washers (/) are placed between the knot and the stick, to 
reduce the effect of the sudden jerk which is given to the line when the 
rocket is fired. The arrangements for the use of this rocket are the 
same as those hitherto carried out with Dennet's rockets. 

A second knot is usually made in the rope near the hinder end of the 
stick, in case the line should be burnt through by the flame issuing from 
the rocket. 

K. B. — ^AU Boxer life-saving rocket cases are protected from the action 
of the composition by an internal coat of anti-corrosive paint, consisting 

^ Time of burning, about 4^ seconds. 

* General Boxer writes in letter of 25, 5, *65, that his object is "the continuances «>f 
the propulBion through a much longer period, without any excessive strain upon the 
line." 

Captain Robertson, R. N., writes to secretary marine department board of trade, 9, 
2, '65, that Dennetts rockets ** frequently carry away the lines, and sometimes do u«« 
Ignite ; they are also double the expense of Boxer's rocket." Inspecting Comin»n(i*T 
Earle reports on a trial between Boxer's and Dennet's rockets : " Of the three doubh* 
Dennet rockets only one was any use ; two broke their lines and struck the graiiml- 
The mean of the tive shots with tlie Boxer rocket gave a range of 370 yards very tnif» 
and with much less strain on the line, as it never broke with Boxei^s rocket." B*^ 
ports from Inspecting Commanders Charles and James, from Yarmouth and Lydd. ai^ 
confirmatory of this statement— 19, 10, '65. At Whitby, on 27, 3, '66. one of the JXn 
net rockets, igniting before its twin rocket, came back and struck the inspeotinjC 
commander. 

Captain Robertson, in letter 9, 2, '65, reports that Dennet's rocket attained a greater 
tai^e than Boxer's. 
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of copal varnish, J pint; gold size, 1 pint; turpentine, IJ pints ; white 
lead (dry), 7 pounds, being the same as is now applied to the interior of 
Hale's rockets. All rockets mannfa<;tured since 22, 9, '60 have their cases 
further protected by blackening by burnt oil. 

boxer's LIFE-SAVING ROCKETS. 

1. Details of patterns. 

The pattern in the wood-cut known as Mark I was approved 15, 3, '65. 
Mark II, approved 9, ^6Qy differs from mark I in ha\iug no hole to take 
the keep-pin through the " clip," the pin being passed through the stick 
in front of the " clip," because it was sometimes found troublesome to 
bring the hole in the stick and '^ clip " exactly to cover one another. 
The sealed pattern is nearly .5 inch shorter than Mark I, so as to enable 
the rockets manufactured to conform with it, it having been found that 
the act of pressing the composition slightly shortens the whole case ; 
hence that of the dummy pattern was longer than the same case would 
be after pressing.^ Mark III,* approved 1, 9, '68, differs from Mark II 
in having the case made of Atlas (L 6., Bessemer) metal All manu- 
factured since October, 1870, have the vent coverea with paper (instead 
of the serge plug). The paper is to be broken before firing. It is im- 
portant to distinguish Pattern III clearly from I and II ; the cases of 
rockets of the latter pattern ha^iug been found liable to deteriorate, and 
even to split, from their being taxed beyond their strength by the press- 
ure of the composition, are ordered to be very carefully examined from 
time to time for rust spots and indications of cracks.* 

Paint : formerly two coats of black varnish ; since 5, 11, '70, two coats 
of red paint, for better protection. 

The 12-pounder life-saving rocket stick® is deal, 9' &' long, square, 
with comers shaved off ; it is the same size from end to end. It is bound 
at the bottom end with an iron ring, and is plated at the head or front 
end with plates, which, as well as the stick at the front part, are hol- 
lowed to fit close to the rocket. The second or hinder plate is 3 inches 
long ; it has a fiange to rest against the base clip of the rocket. Over 
the half of the stick next the rocket is tacked a sheet of tinned iron for 
a length of fourteen inches, to protect the stick from the flame escaping 
from the rocket. 

2. Iron pin for life-saving rocket Marie J. 

This is an iron pin l."2 long, No. 8 Birmingham wire gauge ; the end 
is bent over at a right angle, thus bringing tiie length down to .85". 

3. Brass washer. 

The brass washer shown in the wood-cut of the rocket • • • is 
V in diameter, with a hole in the center .5'' diameter; they are about 
.15'' thick. 

^ To prevent mistakes arising from comparing an empty pattern with a filled rocket. 

* The numeral marked on the pattern sealed as II was altered in place of sealing a 
new pattern. 

^ The crack is generally developed in a longitudinal line mnuing paraUel t^o and 
within one or two inches of the seam or joint of the rocket. 

« Mark III stick is strengthened hy having the part next the hase of the rocket more 
eovered bj the tin sheet, which is also parsed under and clamped by the iron socket. 
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4. India-rubier washer. 

Tlie vulcanized India-rubber washers referred to in the description of 
the rocket are both alike, each being 1" in diameter, with a hole in tlie 
center .5" in diameter ; they are about .7" thick. 

II. Machine foe firing life-saving rocket. 

(Plate XL, Figs. 3, 4.) 

The machine for firing the life-saving rocket consists of a bed to hold 
the rocket, in prolongation of which is fixed a pry -pole, and from the 
rear end of which spring two legs, one opening to the right and one to 
the left. Both bed and pry-pole are made of sheet-iron, the former 
being an open rectangular trough 3.2 inches broad'' and 4 inches deep; 
the latter one, of more rounded form, being 1.65 inches broad at the top 
and 1.5 inches deep. 

The front end of the pry-pole enters the bed for a length of 7 inches, 
the upper edges of the former standing about .2 inch above those of the 
latter, so that the bottom of the larger trough is 2.7 inches beneath that 
of the smaller, to allow for the rocket resting in the bed while the stick 
lies in the hollow of the pry-pole. The two troughs are fixed together 
by three rivets on each side, the spaces between them on each side, owing 
to their difference of width, being filled up by a piece of wrought iron, 
through which the rivets pass. The front edge of the bed trough is 
iron-strapped, and its remaining edges as well as those of the pry-pole 
trough are "wire-edged.'^ With the exception of a strengtheniug bar 
iiinning from bed to pry -pole, the rear end of the bed trough is left open 
beneath the front of the pry -pole, so as to allow of a free passage to the 
gas escaping from the rocket base. Two pieces of wrought iron 7 inches 
long are riveted along tlie after part of the sides of the bed, close to the 
angles formed with the bottom, their rear ends projecting sufficiently to 
allow of a bolt secured with a screw washer to pass through them, on 
which hinges a small flat piece of iron, taking two other bolts screwed 
and nutted, and each long enough to allow of a socket (ending in flanges) 
which admit the flat iron between them to be hinged on it. Thus the 
flat iron hinges longitudinally on a bolt transverse to the direction of 
the troughs; while the leg sockets move transversely on hinges longi- 
tudinally pliiced. 

In each socket is flxed an ash leg with a ferrule, having a foot projec- 
tion and spike ; while beneath the pry-pole runs a strengthening l>ar 
from end to end, which is at the hinder extremity bent down to form a 
groundspike. In the right side of the bed is cut an oi>ening to admit of 
the entrance of a portfire to fire the rocket, and behind this is fixed a 
brass quadrant plate, on which is hung a plummet and line to give ele- 
vation. 

On the left side of the bed, protected by a copper cover, is a strong 
lock of simple construction, with a lever trigger, to which is attached a 
line, led through one sheave on the left-leg socket, and another near the 
left foot. Kear the right foot is fixed by two screws a strong strap and 
buckle to enable the two legs and pry -pole to be strapped together, tor 
more convenient stowage when not in use. 

Mark I trough or machine has long existed ; it was sealed in Novem- 
ber, 1865. This pattern has a very small block fixed to a ring near its 
left foot. It is difficult to pull the tiigger-line from the right side, owing 
to the stifl:' movement of the little block. 



V Interior moaaurement. 
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3Iark II was approved 21, 10, '70; it differs from Mark I as follows : 

Ist. The trigger-lever is prolonged to a length of about 4 inches, so 
as to allow of the lock being worked with a lighter pull. 

2d. The pulley-block on the left foot is replaced by a sheave of much 
larger size fixed through the middle of the wood (which is supported 
by a band) ; this pulley enables the machine to be tired from the right 
side. 

3d. The opening in the right side of the trough is Airnished with a 
sliding cover. 

Mark III machine differs from the previous pattern only in having an 
arrangement for causing the flash from the detonating tube to strike 
direct up the axis of the rocket This is effected by making the vent or 
channel for the tube in a circular form instead of straight across the 
machine. 

N. B. — A spare spring is ordered to be supplied. A priming wire for 
life-sa\ing rocket machine wa« approved on 20, 5, '70, and a pattern, 
Mark I, sealed. It is formed from iron wire No. 5, Birmingham gauge. 
It is about 4 inches long, being formed into a loop at one end. On 21, 
10, '70, a pattern, Mark II, was approved, differing from Mark I in being 
twisted to form a screw at the part near the point. On 4, 9, '72, Mark 
III was approved ; it is curved to fit the vent in Mark III machine. It 
is used to clear the vent of the life-saving machine of any portions of the 
quill tube that may remain in it after firing. 

in. Stores, ETC. 

1. Life-saving rocket-tube. 

The life-saving rocket-tube consists of a goose-quill body about IJ' 
in length, driven and pierced in the usual way. The large end of the 
quill is closed by a disk of tissue paper being varnished over it. Into 
the smaller end of the quill is secured with diamond cement a pigeon- 
quill about an inch long, which enters the large tube to a depth of about 
1 inch. This tube is filled with detonating composition.^ Bound the 
extreme small end runs a small b ind of kamptulicon. These tubes are 
used for firing life-saving rockets. The body of the tube is inserted into 
the vent of the lock at the side of the machine, being held in its place 
by a small piece of brass which shuts on its neck just below the kamp- 
tulicon band. The descent of a spring-hammer edge crushes the detonat- 
ing end of the tube and fires the same. They are packed, by the special 
request of the board of trade, in larger quantities than other tubes, viz, 
150 in a (No. 27) tin cylinder, which is closed by a calico band attached 
by shellac over the junction of lid and body. 

2. Fuse for life-saving rocket^ Mark L 

This is V'.5 long j it is made of paper ; it contains an inch of ordi- 
nary frise composition ; it is conical in shape, and its sides are covered 
with kamptulicon, being brought up to fit the vent in the base of the 
life-saving rocket ; it has a paper cap tied on with twine, which need not 
be removed before firing ; it burns for about five seconds, and is required 
for use with the portfire. 

» Detonating composition for quill friction tubes : Potash, chlorate of, 6 ounces ; 
antimony, sulphide of, 6 ounces ; ground glass, 1 ounce, 10 drams. Damped with var- 
nish, of spirits, methylated, 1 quart; shellac, 357 graius, in the proportion of 75 miuims 
to 1,000 grains of composition. 



Digiti 



ized by Google 



144 UNITED STATES LIFE-SAVING SERVICE. 

STORES CONNECTED WITH THE LIFE-SAVING ROCKET. 

3. Light for illuminating wrecks (Mark J), Marchy 1874. 

The light (Fig. 2, plate LIII) is about 28J inches in length and 2.65 inches 
in diameter. It consists of a cylindrical case of 1 X tin sheet in 6 
lengths of 4^ inches each, fitted together and connected by small bauds 
of tin sheet, half an inch in width, soldered over each joint The case 
is filled with the following comi>o8ition, viz : saltpeter, ground, 7 pounds; 
sulphur, sublimed. If pounds ; orpiment. red, J i)ound. One end is 
fitted with a piece of wood, with a loop or iron wire attached to it for 
suspending the light ; the other end is primed with mealed powder, and 
o>overed with a kit plaster. 

The stand is a simple tripod, consisting of three wooden legs about 6 
feet in length, connected at the top by a piece of iron wire having a 
small hook attached to it, on which the light is suspended ; there are 
three iron rods which are hooked to and connect two of the legs, forming 
an incline for the light to rest on, so as to hang in a sloping direction— 
not vertically downward. 

The light, if hung as described, clears itself of dross when burning, 
and is kept further clear by the case separating at each joint, as the 
heat of the burning composition successftilly melts the soldering of the 
bands. The time of burning is about 30 minutes. This light must not 
be roughly handled or thrown about, as it is liable to be broken across 
at the junction of the segments. Care must be taken in removing the 
cap before lighting. 

The case must he grasped firmly at the capped end whilst the cap is 
torn ofl: by means of the string loop ; if there is any diflSculty in remov- 
ing the cap it must be eased off round the edge by inserting the blade 
of a knife. 

4. Portfire J Boxer^s^for life-saving apparatus. 

Differs from a common portfire in being 8 inches long and in being 
intended to ignite by means of a detonating primer, in the same way as 
the long general service light, the end being closed by a tin cap and a 
piece of kamptulicon, and strengthened by a tin band perforated to take 
the detonating primer, which enters into a small space beneath the kam])- 
tuUcoD. The composition is primed in the usual method with meal^ 
powder, perforated in the center. 

5. Metal handle for long light, general service {Mark 1), used with life- 
. saving apparatus, Mark J. 

Consists of a hollow cylinder of tinned iron, fitting on to a wooden 
end ; it is closed at the opposite end by a metal screw-cap, to which is 
hinged on, by means of a brass pin passing through two brass flanges 
no as to form a hinge, a copper-covered piece of wood, with six trans- 
verse cells, each to hold one primer. 

6. Handle for portfire used with life-saving apparatus, Mark I. 

Consists of a tinned iron cylinder closed across with tin and red lac- 
quer, so as to form a socket to take the portfire end at one extremity 
held by a tightening screw. The body is hollow, closed with screw cap 
and piece of wood copper-covered and recessed with seven cells to take 
one detonating primer each. 
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7. Tin box for life-saving rocket storeSj Mark IL 

This is simply a tin box with a hinged lid. Length, 6'M ; breadth, 
3".6 ; depth, 3".0. On the lid is a label gi\ing the contents, viz : 9 fuse^, 
9 detonating tubes, 9 iron pins, 12 India-rubber washers, 6 brass 
washers. 

8. Wood boxes for lights j &c.^for life-saving apparatus^ Mark L 

These are two yellow deal boxes closed with hinged lids secured with 
hasps and staples ; they have internal fittings to suit the stores. The 
larger one i8.13".3 x 8". x 11".5, exterior dimensions. The smaller one 
is 12''.2 X 6".2 X 11".5, exterior dimensions (the depth of both being 
the same). Their contents are as follows : 

Large box. Small box. 

Lights, Icmg 10 6 

Portfires 12 6 

Handles, light 2 1 

HaDdleSj portfire 2 1 

Detonating primers for lights 12 7 

Detonating primers for portfires 14 7 

IV. Use of live-saving rocket. 

Instructions as to the use of the rocket, together with directions as to 
the formation of volunteer life brigades, the provision of requisite stores, 
&c., are issued by the board of trade in the form of a pamphlet, entitlea 
"Instructions in respect of the Rocket and Mortar Apparatus for saving 
Life from Shipwreck.'' A short description of the method of using (Plate 
LIV) the life-saving apparatus generally adopted is here given, taken 
partly from this pamphlet and partly from information supplied by Cap- 
tain Robertson, R. N., also Mr. John Foster Spence, Mr. Gilbert, and 
members of the Tynemouth Volunteer Life Brigade. 

A suitable cart containing the necessary stores* is run down to the 
be«t position for action.^® "fiie machine is placed to stand as firmly as 
circumstances will permit ; for a maximum range the trough should be 
laid from 35^ to 38^, the box in which the line is faked being placed 
fi^m about 6 to 9 feet to the rear, and 6 to 9 feet to leeward," the top 
with the i>ins being taken out and the box slightly tilted with its mouth 
towards the front with the line lying in it, the end being threaded through 
the rocket-stick and knotted over the washers and also some way along 
the stick ; ^^ the lanyard by which the rocket is fired should be pulled by 
a man standing on the windward side,^^ the rocket being fired, if possi- 
ble, by the tube without the fuse^* in order that it may be discharged 
the instant a favorable opportunity is presented, which opportunity 
might pass while the fuse is burning. 

It is very important, for more than one reason, to effect a communica- 
tion with as few unsuccessful attempts as possible ; not only is precious 

»8ee list of stores on a subsequent page. 

>« As the rocket cannot under any circumstances be expected to carry much over 380 
yards ( * * * ), the choice of position must generally be very limited. 

^1 The rocket stand may be capsized by the line running out if the line be laid to 
-windward ; the coil should be as little out of the line of flight as may be, for it is ob- 
vious that the pulling of the line tends to draw the axis of the rocket in the direction 
of a line passing from the center of gravity of the rocket to the spot where the rope is 
coiled. That the position of the coil of rope affected the flight or the rocket consider- 
ably was pointed out by Captain Anderson in a proof report on rockets fired at Shoe- 
buryness. 

«« Fide (omittedV 

i^To be clear or the line as it runs out. 

^^ The slide lid in Mark II machine over the opening on the right side used for the 
admission of a portfire is to be kept closed. Should the tube oe found weak a few 
strands of quick-match may be doubled and inserted so as to project from the vent ot 
the rocket. 
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time wasted, but, after the line becomes dirty and wet, the chancer of 
enccess are decreased. At short ranges it may be desirable to Are the 
rocket at a lower elevation than 35^, for it is easier to project the rocket 
between the masta, when the line must, of course, follow it, than to fire 
it high in the air with the allowance necessary to cause the line to fall 
between the masts.^ When the crew of the wreck signal that they 
have the line,^* the rocketrbrigade make fast their " whip ^ by bending 
the rocket-line round both returns at about 12 feet from the tailed block 
and signal." The wreck's crew then haul in and make fast the tail of 
the block about 18 inches behno the highest secure part of the ship^^ (some 
distance up the mast, if possible),^* unbend the rocket-line and signal 
While the crew are drawing this "whip'' in, it is especially necessary 
that the brigade on shore should see that the lines are carefiilly paid out 
to them, keeping the two parts steadily in hand at the same time, not 
letting them out faster than the crew on board the wreck can haul in; 
the men who have charge of the two coils of the whip being especially 
carefiil that the lines run out all clear from the coils. On seeing the 
ship's signal the brigade attach the hawser 6 or 9 feet from its end to one 
return of the whip and haul on the other return, so as to carry the haw- 
ser to the ship ; which the crew make fast 18 inches above the whip (i. e, 
to the highest safe point), and then disconnect it from the whip and " sig- 
nal." While those on shore are hauling the hawser on board the ship, it 
is especially necessary that the men in charge of the whip should keep 
the returns of the opposite end, if possible, 30 yards or more apart, and 
the hawser nearest to the hauling part, to prevent the hawser taking 
turns round the whip, which is very liable to occur even when these 
precautions are observed, and the wrecked crew should, if possible, ascer- 
tain before making the hawser fast that it is all clear. On this, the 
brigade having adjusted the block of the breeches buoy to run on the 
hawser, attach one return of the whip line to it by a clove hitch, and if 
the motion of the wreck is slight, lead the hawser through the snatch- 
block of the triangle, and set it up (t. e. haul it taut), by means of their 
^'double block-tackle purchase." This, however, can be paid out or 
hauled in but slowly, if required to follow the motion of the vessel. Ifi 
therefore, the sea beats the wreck about violently it will be better not 
to use the double block-tackle, but to keep the hawser taut by manning 
it with as many hands as can be spared, so as to follow the oscillating 
motion of the wreck without risk of the communication being broken. 

It will be seen in the wood-cut that while the whip return by which 
the buoy is hauled towards shore must be pulled fair along the hawsers, 
the opposite return should throughout be kept wide of it. 

The crew may descend one, two, or even three at a time, in the breeches 
buoy.^ In ca«e of very violent wind the empty breeches buoy has been 
carried right round over the top of the hawser,*^ fouling the whip with 
it ; it is therefore well not to let it pause while on a journey, especially 
when traveling empty back to the wreck. 

i» Even at 35° I believe the rocket generally passes between masts. 

1* Either by a wave of hand or fla*?, a light shown, or a gun fired. 

" Generally by red flag by day, and red light by night. Vide board of trade directions 

^' There are many reasons for this. 1st. The hawser wiU bend with the weight of any 
person traveling on it, and perhaps let them into the water. 2d. If near the water 
the wash of the sea may twist and foul the ropes. 3d. The higher the starting point 
the easier it is to haul a weight to the shore. 

*•! have been informed of an instance of a whole crew being drowned by making 
fast to the knightheads on the deck, instead of some point up the mast. I may observe 
that a brother of my own in traveling experimentally on a low hawser descended into 
the sea. But it is hardly necessary to enunciate that there is a limit to the distance 
which a person can be drawn through the surf without drowning. 

*»For the quickest rate, dec, see subsequent pages. 

'^ Captain Eobertson informs me that this has been reported as having occurred. 
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In urgent cases, sach as the threatened immediate break np of the 
wreck, one or more buoys with lines to them communicating with the 
shore may be passed to the wreck directly the whip is made fast, or, 
again, the "buoy" may be made fast to one return of the endless line 
while it travels on the other," at the same time the hawser should be 
set up when practicable.*^ 

V. Flight of life-saving eocket. 

It may be seen that the construction of the life-saving rocket is not 
such as will enable it to carry truly when fired without its rope. Its 
stick is fixed on one side of it, hence in flight the resultant of the resist- 
ance of the air on its anterior part, acting at a i)oint termed by General 
Maievskj"^ its " center of resistance,'' will not be opposite to its center of 
gravity, and hence a couple tending to deflect the rocket will be estab- 
lished. On page • • • the case of a rotating elongated projectile 
proceeding in a direction not coincident with that of it>s axis is discussed. 
The case of the rocket somewhat resembles it, the tendency of the rota- 
tion to resist the deflecting couple being answered by the mechanical 
action of the stick, • • • the velocity of rotation and the length of 
the stick being the relative "function'' of the steadying force in the two 
cases. 

Now the stick of the life-saving rocket is not only placed on one side, 
but is also a little curtailed in its length; it may therefore be readily 
seen that this rocket is constructed on the supposition of its carrying a 
line, when the i)ull of the line fix)m the starting point will act to draw 
the stick and rocket into the production of the line of flight it has taken 
up to the moment considered ; this steadying power (in spite of the wind 
carrying the middle of the line in a bend tx) one side) becomes very great 
indeed after the rocket has proceeded any considerable distance. From 
this may be deduced two facts, which it may be vitally important to 
consider in firing the rocket : 

1st. That the wind will carry the rocket and line with it, because it 
will not have the iwwer to deflect its axis so as to point the rocket up 
the wind. 

2d. It is very desirable to start the rocket at a momentary lull ; for if 
the first action of the wind carries the rocket to one side, it will exert its 
force afterwards in prolongation of this incorrect direction. 

If the rocket machine be brought into action on uneven ground, caus- 
ing the foot on one side to be lower than that on the other, or if one loot 
sink deeper than the other, as might occur in yielding sand, the eflect 
will be to cause the rocket to carry towards the lower side. 

Issue: Six rockets in a packing-case. 

»* The endless line must be cut to eifect this; it is best to make fast the ends to the 
gnimmets or opposite sides of the life-buoy. 

*» Various methods of escape from a wreck have been devised and some carried out ; 
the crew are generally in a nearly helpless condition with the waves beating over 
them. The most feasible expedient appears to me to be that of a kite, as there is 
generally a violent wind blowing from the wreck to the shore, and, considering the 
comparative sizes of the ship and the land, it seems reasonable (as proposed by Cap- 
tain Nares, R. N., vide "Seamanship," by that officer, pp. 220-22) to call attention to 
the possibility of the crew making and getting off a kite when the means on land were 
insafficieut to establish a communication. Once let the kite fly over tlie land, the sud- 
den paying out of its line would cause it to drop on the shore. Captain Robertson, 
R. >., informs me that a man has been known to swim from a ship with a lino, assist- 
ing himself by a kite It is here obvious that the kite might have carried a liglit line, 
by which might have been passed stronger ones till a nawaer was at last carried 
acro88. 
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VI. EXPEEIENOE AS TO RANGE AND ACCURACY.** 

In 1868, 52 rockets fired in snccession, in course of proof, at 35^ ele- 
vation, gave an average range of 378 yards, which may be considered 
a low one. It certainly includes one or two exceptionally short ranges, 

"The following are answers which were kindly furnished by Mr. J. F. Spence, hon- 
orary secretary to the Tyneiuouth Life Brigade, to some of my questions. I think most 
readers would prefer having such answers verbatim to any summary, which would 
destroy their character and the spirit which nins through them. It would be difficult 
to quote a better authority than Mr. Spence in these matters. 

The quickeet successful performance of work you remember t 

" This was with tlie schooner Light of the Harem, wrecked behind Tynemouth North 
Pier on the 8th of February last (1870). The rocket was fired at 30 minutes past 4 
}). m., and the first man was landed in 14 minutes; the last man (there were five of 
them) in 24 minutes from firing the rocket. That was nearly 5 minutes a man. This 
would have been much more quickly done, but the men on Iward the schooner did not 
understand how to use the apparatus, and so delayed many minutes. You will notice 
the four last men were landed in 10 minutes (the first man occupied 14 minutes); hut, 
as I said, this arose in a measure from their ignorance of how to act." 

1. As to kinkitig ofm^nila lines, j-c, 

'* The rocket lines are now made of hemp (at least, so we suppose), and are much more 
softly laid than they used to be. The result is, they rarely kink. We still have the 
old trouble with the lines fouling as they are drawn oflf ; that is, when the whip is on 
board and made faat. You then attach the hawser, leaving about two or three 
fathoms free, in order that the wrecked people may more easily ^yi it to the mast. 
This free end is very liable to take turns round the whip in hauling off, and the result 
is and often has been that the breeches buoy cannot be hauled off to the ship. In day- 
sight, if this happens, any sailor sees it at once, and can put it right, but in a dark, 
ttormy night this is much more difficult to do, and when they think they are taking 
she turns out they may be making more. It also necessitates slacking off the hawser, 
80 that the people on ooard ship may loose it to get the turns out." 

2. The greatest range you have reached f 

* * I presume you will mean when firing at a ship in distress. On the 8th of Febmary, 
1870, at 3.30 p. m., a large bark was stranded on the Spar Hawk, a spit of sand 
about half a mile east of the Black Midden Rocks, at the mouth of the Tyne ; she would 
be about 350 or 360 yards, at least 350 yards by measurement^ from the nearest point of 
the rocks on which we could stand to use the apparatus. The first shot fell far short 
of her, we suppose because it had not sufficient elevation, and the line was wet. The 
second rocket was laid with a few degrees more elevation, with a new rocket line qnite 
dry and fresh, and fiew right between her masts. The line is 250 fathoms in length. 
I think there might be 10 or 12 fathoms of the line left in hand. The wind was S. E. by 
S., force 10, blowing almost athwart the line. This was a grand shot ; I never saw a 
better. No one thought the veflsel could be reached." 

3. Whether you generally lose one or more rockets before you establish a communication t 
*^The force of wind, and position in which the ship lies with respect to the direetion 

of the wind and situation of those on shore who are endeavoring to establish a com- 
munication, g^atly affects this question ; tor instance, there may be a sudden lull in 
the violence of the wind, and you think to take advantage of it, lay your rocket accord- 
ingly, and fire ; just as you pull the trigger line, the squall returns with renewed forc^*, 
and the consequence is, your rocket is carried far awa^ from the object aimed at. In 
most instances, however, we have succeeded in throwing the line over wrecked ships 
the first shot ; I think we only missed once — in the case I have detailed to you. Then 
comes another difficulty ; take an instance. On the 8th of February, this year, at 4 
o'clock a. m., the * Susannah,' a schooner, was wrecked on the Black Midden Rocks, 
wind S. E., force 10. It was about 500 yards from the station to the point of rock», the 
nearest we could reach to her. In 22 minut«s we fired the first rocket, which went 
right over her, but there was no attempt to pull the line on board ; we went on firin? 
rockets till five in all were expended. The fines all fell over the vessel, but it turned 
out that the rigging was in such a wret<?lied state that the men could not disentangle 
one of them from it till the last one was fired, which went clear. In 10 minutes from 
this time we had the first man ashore, and in 12 minutes more the other three, bat 
they were very much exhausted, as it was nearly 7 o'clock a. m. when we got them. 
For two hours and a half they had been exposed to the full fury of the storm, everr 
wave rolling over them ; one man was lost — washed overboard with one of the 
masts." 

4. Do you find th£ system of work so far understood generally as to enable the crew to 
conform to your operations t 

" In many cases I say they do not ; this is one of the difficulties we have to contend 
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the minimnm one being 286 yards, the maximnm 450. The average 
(le\iation from the line on which the rocket was laid was 42 yards. 

In 1870, 131 rockets flred successively at proof gave an average 
range of 373 yards, the maximum range being 470 and the minimum 
330, the mean deviation being about 35 yards. 

In calculating for the effects in cases of storm, rather a low lange 
must commonly be expected, the wind generally blowing more or less 
against the direction which the rocket has to take. 

with on a dark night, and with a ship at such a distance from the shore that we can- 
not make the crew hear. I have urged strongly on the board of trade to have a clause 
in the new merchant shipping biU, making it compulsory on all owners of sea-going 
vessels of all descriptions to have their simple directions as to know how to use the 
apparatus painted on a piece of tin, and nailed to the mast or in some conspicuous 
part of the vessel, so that the sailors cannot help learning what they have to do when 
wrecked and a rocket or shot is tired over them. I never knew a ere w to establish com- 
munication with a kite, but have heard of its being tried. I fear in case of shipwreck 
it would be difficult to set a kite up." 

The following accounts, taken from the annual report of the Volunteer Life Brigade 
of the borough of Tynemouth, will enable any officer to realize the kind of difficulties 
likely to occur in the actual course of work : 

''As was noticed in last annual report, but few southwest gales of any len^<h of con- 
tinuance or severity have occurred since the year 1834, when the steamship Stanley 
was wrecked ; but, as might be expected on the occurrence of severe gales from that 
quarter, during the past winter several wrecks took place at the north side of the 
mouth of the Tyiie, and it was during one of these gales that the brigade had the 
great satisfaction and privilege of lauding the crews of two-vessels, with the excep- 
tion of one man, who was wanned overboanl with one of the masts which was carried 
away by the force of the waves. In the case of the Susannah, which was stranded 
about four o'clock in the morning of the 8th February, 1870, it seemed at times as 
though there was little hope of saving the crew. She was so much disabled in her 
masts and rigging before dritting ashore, and had so much wreckage hanging about 
her, that rocket after rocket was flred (five in all) before any practical communication 
could be eifected with the ship, and the rocket lines becoming so entangled in the rig- 
ging that the men on board could not clear them. Finally, however, after two and a 
half hours working and waiting, the persistent efforts of the coast guard and the brig- 
ade were crowned with success. It was during the continuance of this storm, about 
3.30 in the afternoon of the same day, that the bark Helena, of Scarborough, with a 
crew of 17 hands and the pilot, came ashore in a violent snow-squall, on the edge of 
the Spar Hawk ; she was at a considerable distance from the nearest iK>int where 
the apparatus could be set up, and there seemed some doubt about reaching her with 
a rocket. The first shot fell far short, but the second rocket went right between her 
masts, and was secured by one of the men ; the life-boat, however, coming alongside 
soon aft^r, the crew very wisely took to her rather than run the risk of being dragged 
throuffh the surf and over the rocks amidst the raging sea, which must of necessity 
have been a verj' hazardous operation. Whilst this was on the way, the cry was raised 
that another vessel was going behind the North Pier, a most dangerous position ; 
the chief officer of the coast guard, Mr. Quick, immediately told off some of the vol- 
unteers, with one or two of the coast guard, to go to her assistance. In a short space 
of time they had the satisfaction of laudiug the whole of the crew, though not a mo- 
ment too soon, as about eight minutes after they were ashore the schooner was broken 
up by the furv of the storm, not a piece of her being left on which they could have 
saved themselves. She proved to be the schooner Light of the Harem, of Lowestoft. 

In the case of the Burton, of Wivenhoe, wrecked on the 19th of March, 1865, a 
rocket line was thrown over her in two minutes from the time she touched the rubble 
of the North Pier, but in seven minutes she went entirely to pieces, the poor fellow 
who climbed the rigging to lay hold of the rocket line not having time oven to reach it. 
Only one man was saved out of the crew of five ; he was picked up by the life-boat. 

Again, on the evening of the 11th October, 1865, about 7 p. m., the schooner Ring- 
woc3, of Yarmouth, with a ci-ew of five hands, when endeavoring to enter the harbor 
in a stiff southeast gale, came ashore on the Black Middens. The rocket line was 
speedily over her and the whip attached, but was not hauled aboai-d. It was soon 
found that the men, who were used to the Yarmouth beach, had left the vessel in their 
boat, which unfortunately capsized, and two of them were drowned ; had they re- 
mained on board and used the apparatus, there is little doubt they would all have been 
saved. On the third occasion, the 29th December, 1865, three vessels came ashore under 
the battery ; rockets were fired over two of them, but the men did not seem to understand 
the use of the apparatus, and instead of hauling the line aboard ^ fastened a warp to t7, and 
commenced paying out Uncard the shore. In the mean time the life-boat came alongside 
and saved the whole of the crews." 
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The following is a return of the number of rockets fired at each drill 
of the Borough of Tynemouth Life Brigade from 1st July, 1866, together 
with the range in yards as near as could be ascertained ; the deviation 
right or left of the rocket of the object aimed at ; the time, in minutes 
and seconds, between firing the first rocket and landing the first man, 
and tlie number of men present on each occasion ; compiled for the board 
of trade returns by John F. Spence, honorary secretary. Previous to 
1866 no record of these particulars was kept: 



DateofdrOL 



July 

Aug. 

Sopt 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

Jnly 

Aug. 

Sopt. 

Oct 
Nov. 
Nov. 



28,1806 
25, 18G6 

22,1866 

26. 1866 
29,1866 
22, 1806 
1», 1867 

16. 1867 
13. 1867 
12, 1867 
11, 1867 
14, 1867 
12, 1867 

9, 1867 

6,1867 

4,1867 
2, 1867 
30, 1867 



Dec. 28,1867 
Jan. 25. 1868 



Feb. 

Mar. 

Apr. 

May 

May 

Jniie 

Jnly 

Au^. 

Sept. 

Oct. 

Nov. 

Dec. 



22, 1868 
21. 1868 
18, 1868 
15, 1868 
29, 1868 
26, 1868 
34,1868 
21, 1868 
19, 1808 
17, 1868 
14, 1868 
12,1868 



i 



Jan. 9, 1869 



Jan. 29,1869 60 

Fob. 10,1869 36 

Feb. 11,1869 < 36 

Mar. 6, 1869 38 

Mar. 31,1869 34 



42 1 

44 I 

46 I 

53 

59 

35 

29 

39 

46 

41 

44 

75 



Apr. 

May 

June 

Auk. 

Sept. 

Oct. 

Oct. 

Nov. 

Deo. 

Jan. 

Mar. 

Apr. 

Apr. 

May 

Juiie 



30, 1869 
28, 1H69 
25, 1869 
6,1869 
3,1869 
2, 1869 
30, 1869 
27, 1869 

23. 1869 

22. 1870 
19, 1870 
14, 1870 
2.3, 1870 
20, 1870 
24, 1870 



I .58 

52 
j 37 

40 
I 50 
I 34 
1 48 
I 42 I 
I 37 

43 

66 

48 

70 

45 

35 



1*1 

i'Z 

|la 
"I I 

III! 

Al>out230 
About 290 
CAb't 340 
} Ab't 290 
About 280 
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Vn. The keeping qualities of rockets. 

• The keeping qualities of rockets are not satisfactory. They should be 
stored in as dry a place as possible. 
Mr. Abel, chemist, W. D., gives his opinion as follows : 

The corrosion of the metal at the seam of the case has not been set on foot in the 
first instance by the borax employed in brazing, as no trace of the existence of borax 
tan be detected upon the metal at the joint. The saline matter scraped from the 
ext4'rior of the case contained carbonate of potash. The deliqnescent and alkaline 
nature of this salt accounts for the collection of moisture on the case and for the de- 
Ktmction of the paint coating. 

This carbonate of potash is a product of the decomposition of the saltpeter from the 
rocket composition, and it is owing to some imperfection in the brazing that small 
(quantities of saltpeter have been admitted in the operations of pressing that a corro- 
sive action has been established which has been promoted by ^adual access of air and 
moisture to those points and by the coexistence of brass and iron in contact with the 
composition. 

The action of the saltpeter upon the metal appears to have spread in the interior of 
the case around that part where the brazing extends to a very slight degi-ee, but suffi- 
cient to effect a separation between the composition and the case, whicn are found to 
be very firmly attached to each other at all other parts of the case. 

The slight symptoms of corrosion around the rivets at the head of the rocket are evi- 
dently dne to the penetration of minute quantities of saltpeter (forced in by pre&sure) 
applied in manufacture to the exterior between the rivets and the holes ; the uon-exist- 
euce of brazing at these points renders the siction very trifling. 

The employment of brazing in the closing of the rocket cases is evidently a canse of 
deterioration; the existence of minute imperfections in the joint made by brazing is 
probably unavoidable, and as the saltpeter must penetrate on pressure, the establish- 
ment of corrosion is unavoidable. 

VIII. Contents of cart. 

1. Two or three roclcet lines, laid up loose; one end of the rocket line is 
to be attached to and launched with the rocket. 

2. Boxes fitted with fakin^-pins, in which to stow the rocket lines. 

3. A hawser of 3-inch Manilla right-handed rope, from 40 to 120 fath- 
oms, according to tlie steepness or flatness of the shore. 

4. A "whip" of Manilla line, not exceeding IJ inches, rove through a 
single tail bh>ck. The "whip'' to be made of left-handed rope, the re- 
verse of the hawser, and the tail of the block to be at least two fathoms 
in length, and the sheave to be brass-bushed. The ends of the "whip'' 
to be spliced together, so as to convert it into an endless rope. 

5. A sling life buoy, with petticoat breeches, in which to place the 
person to be rescued, and haul him ashore. 

6. A traveler, or inverted block, with a brass sheave, to be attached 
to the "sling" and carry it along the "hawser." 

7. A "double block tackle purchase," for setting taut the "hawser," 
one of the blocks being fitted with two tails to bend on to the hawser, or 
with luff-tackles fitted to put on to the hawser with strop and toggle 
(Uke a top-gallant or royal purchase). The blocks to be brass-bushed. 

8. Three small spars, to form a triangle, over which the hawser may 
be passed and thereby raised higher above the water. This will be 
found convenient on parts of the coast where the shore is flat. The tri- 
angle should be fitted with a swivel snatch-block, brass-bushed, instead 
of standing hooks; the strapping of the block to be of good iron. 

9. An anchor with one fluke to be buried in the earth, sand, or shingle, 
to which to set up the hawser by means of the tackle-purchase. Or, in 
some places where the shore is composed of soft shingle or sand, and 
where an anchor will not hold, a stout plank, 5 or 6 feet long, with a 
fathom of chain of suflftcient strength fastened around it amidships, may 
be substituted for the anchor. TMs plank being buried 3 or 4 feet be- 
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neath the ground, and the end of the chain, with a ring atta-ched, led 
to the surface, the hawser may be set up to it by the tackle-purchase in 
the same manner as to an anchor. 

10. A red fiag^ 2 feet by 3 feet, fixed at the end of a staff 5 feet long, and 
a lantern with a red^ lens fixed in it, to be used as signals in the manner 
directed below. 

11. Two or tliree spades or shovels, s^nd s, picknxe, to be of good quality, 
and suitable for the work ; a salvagee strop, a few pieces of extra rope^ to 
be used as occasion may require. 

12. A light hand'barrowy when thought necessary, for carrying por- 
tions of the apparatus firom the cart to the place where it is to be used. 

13. Three sets of tally-boards, each set consisting of two boards of 
hard wood about 9 inches long by 5 inches wide and f inch thick. These 
boards to have the following words painted on them in whit« letters on 
a black ground, English on one side and French on the other, viz : 

No. 1 tally-board to be attached to the whip. 

English : Make the tail of the block fast to the lower mast, well up. 
If the masts are gone, then to the best place you can find. Cast off 
rocket line ', see that the rope in the block runs free, and show signal to 
the shore. 

French : Fouettez la poulie le plus haut i)ossible sur le bas-m^t, ou 4 
Fendroit le plus favorable si les bas-mats sont perdus. Detachez la 
ligne, voyez que la corde coure facilement dans la poulie, et faites signal 
au rivage. 

No. 2 tally-board to be attached to the hawser. 

English : Make this hawser fast about 2 feet above the tail-block. See 
all clear, and that the rox)e in the block runs free, and show signal to the 
shore. 

French : Amarrez cette aussi^re k deux pieds environ au dessus de la 
poulie. Voyez que rien n'engage et que la corde coure facilement dans 
la poulie, puis faites signal au rivage. 

14. Long U{fht. — One box of Colonel Boxer's to be used as occasion 
may require. 

15. Signal rochets, — Eighteen, throwing white and red stars. 

16. Two heaving sticks and lines, to be used as occasion may require. 

17. A water harrico, with a large square hinge-bung, large enough to 
admit a man's hand, will be supplied if specially demanded. 

18. A haicser cutter, for the purpose of severing a hawser from a wreck. 

19. A tarpaulin, to cover over the apparatus and stores in the cart 
when the apparatus is not in use, and fitted with beckets and tent pegs 
to secure it on the beach or shore for coiling the whip on when the appa- 
ratus is in use. 

20. Lifebelts. — Two of Captain Ward's, and two life-lines. 

N. B. — The whole of the gear, and a suificient supply of rockets, &o., 
are to be kept in the rocket-apparatus cart, in good order, dry, and read) 
for immediate use. 

IX. Rocket apparatus drill.^ 

1. Ahcays keep th^ gear dry and well aired. 

2. Upon the api)roach of a storm or thick dangerous weather on the 
coast, muster the gear and small stores, examine the cart, especially the 
axletrees, trim the lamps, and prepare for service. 

3. On a wreck occurring, the watchman will call the officer and m^^ 
and send for the horaes. 

Ussued by the Board of Trade [Euglish] June, 1875. 
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4. Great care should be taken in arranging the apparatus with pre- 
cision for firing, as after the lines become wet or dirty there is less chance 
of effecting a communication. 

5. The rocket-line should be fastened to the rocket-stick as shown in 
one of the engravings. The line should have al)out three fathoms wetted 
before being rove, and should also have a ftgui^e of 8 knot made near 
the hole at the end of the stick, so that if the line is burnt near the 
rocket the knot will prevent it getting free. 

6. The first rocket should always be fired with the line in the box, and 
the box shoiUd be slightly tilted towards the wreck. 

7. In hauling oif the hawser do iiot stop the end up tcith a rope-yarn, hut 
leave three fatliorns hanging loose, 

8. When working the whip keep the veering part well separated 
from the hauling part, the parties at each standing as far apart as pos- 
sible, the hawser being between the two. Lift the whip well in order 
to keep clear of surf or sea- weed. 

9. Wlien the service or exercise is over, the stores are to he returned 
to the cart and the party to fall into the "order of march," and return 
to the station. 

10. Great care should alivays he tnken that the icliole of the gear is 
thoroughly dried before being put away. All kinks and turns sJwuld he 
carefully taken out oftlie lines and tchip. 

DRILL. 

Words of command. 

1. Eocket party fall in. 

2. Form the order of march (or double). 

3. Halt. 

4. Action. 

5. Ready. 

6. Fire. 

7. Haul out. 

8. Haul a*jhore. 

1. Rocket party fall in, 

2, 4, 6, 8, 10, 12, 14, rear rank. 
1, 3, 5, 7, 9, 11, 13, 15, front rank. 
Rocket Nos., 1, 2, 3, 4, o, 6. 
Auxiliaries, 7, 8, 9, 10, 11, 12, 13, 14, 15. 

2. Form the order of anarch, 

« a 




Duties at the order " Ralt,'^ ^^ Action.'^ 

No. 1 places rocket-frame; pins rocket to staff; inserts fuse; places 
rocket in frame ; reeves line through staff; makes a figure of 8 knot near 

11 AP 
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the heel of staff'; puts on two India-rubber and one metal wiishers, ami 
then makes another li^iire of 8 knot in the end of the line-points; ele- 
vates (making due allowance for force and direction of wind) ; applies 
portfire to time-fuse, and then steps clear and i^emoves frame when com- 
munication is effected. 

No. 2 assists No. 3 to place box with line 6 yards to the rear of frame; 
lifts box clear of pins; fakes the stray rocket-line to the i-ear of frame; 
bends rocket-line to whip, and then takes charge of right side of whij>. 

No. 3, assisted by No. 2, places box with line 6 yanis to the rear oi 
frame; lifts box clear of pins and cants it in the direction of the wivck, 
and at right angles to the line of fire; takes out water barrico and wets 
about 3 fathoms of end of line; then hands it to No. 1, assisting him to 
reeve it, and takes charge of the left side of whip. 

No. 4, assisted by even numbers of auxiliaries, carries the whip 8 yanis 
to the rear of frame, sees it clear for running, and then bends it on to 
hawser^ about 2 fathoms from the end. 

No. 5, assisted by odd numbers of auxiliaries, takes end of hawser 
and tally to 4, and clears it away for hauling off to the wrecks ; clove 
hitches whip to traveler; bends on breeches buoy; raises triangle, and 
snatches hawser. 

No. 0, assisted by even numbers of auxiliaries, buries anchor and 
backer, hooks on luff* to anchor, and secures it to hawser. 

No. 7 attends signals under direction of o^cer. 

Note. — If there is no 7, officer attends signals. 

No. 8 takes charge of life-belts, and attends to stranded crew wbeii 
landed. 

i)dd numbers assist No. 5 to clear away hawser, keeping a sligbt 
strain on it while being hauled off to wreck; even numbers assist No. (> 
to bilry anchor and biicker, &c., and then man the fall of the luff-tackle 
jnirchase, and veer and haul as necessary. 

Even numbers assist No. 4 in workhig the whip, hauling off hawser, 
&c. 

Note. — In working the apparatus with only six men, 3 and 5 assist 
No. 6 to raise triangle and attend hawser; 1, 2, and 4 attend ami work 
the whip. 

Auxiliaries. — All auxiliaries are to assist in carrying stores from cart 
to point of action. 

Even numliers haul out hawser and breeches buoy. 

Odd numbers haul ashore. 

All numbers above 15 should be told off to guard the ground. 



TaUies are alwayn to be kept bent on both hawser and whip, «o a8 to be rca<ly J^* 
service. 
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BEPORT OF C. B. RICHARDS, ENGINEER OF COLT'S PATENT FIRE-ARMS 
COMPANY, UPON TESTS OF THE BEHAVIOR UNDER TENSILE STRESS OF 
SPECIMENS OF BRONZE RECEIVED FROM LIEUT. D. A. LYLE. ORDNANCE 
DEPARTMENT, UNITED STATES ARMY, WITH A DESCRIPTION OF THE 
TESTING-MACHINE USED. 

(Platett XLII-XLV.) 

Tlie atatenieut of the results of the tests is prefaced by descriptions of 
the testiiifj-machine and apparatus used and the methods employed Ux 
the experiments. 

The testing-machine is one which has been in use in the armory of 
this company since 1871. The basis of the machine is a platform-scale, 
by which the forces applied to the specimens are weighed with the same 
accuracy that any load may be weighed by similar scales. 

Figures 1 to 4 in the accompanying drawings show different views of 
the machine: figure 1 being a rear elevation and figure 2 an end eleva- 
tion of the entire machine; figure 3, a front elevation of the weigh-beam 
apparatus, and figure 4 an elevation, partly in section, of certain parts 
of the strain-indicating apparatus, drawn on a larger scale than the 
other elevations. 

A is the platform of a 50-ton scale, of which B is the weigh-beam, with 
its sliding weight, C. Upon the i)latform a cast-iron frame, D^ is plaijed, 
to sustain the nut of a screw, E, to whovse lower end ai^e applied the fix- 
tures for holding the upper end of a specimen intended to receive a ten- 
sile strain. The platform is 5 feet long by 3 feet wide, and has an oblong 
opening in its center, through which two long screws rise about 2 feet 
al)ove the platform. The screws carry a strong cross-Jiead, F, which can 
be raised or lowered by two nuts, G. The screws and cross-head are not 
connected with the platform until the specimen makes the connection. 
The ci-oss-head receives the fixtures for applying strains of all kinds to 
ajiecimens of every shape. For tensile strains the holders which grasp 
the lower end of the specimen are attached to the top of the cross-head. 
The lower ends of the screws G are attached to the short arms of a 
ma^Hsive forked lever, H, which is beneath the floor, and has its fulcra 
supiK)rted by the bed-plate which forms the foundation of the scale. 
The long arm of this lever is coupled to the ftilcnim i of a short lever, 
I, which is so suspended from a longer lever, J, that the t^'o levers 
form a differential system, the fulcra j and i of the two levers not 
being in the same vertical plane. The fiilcrum j of lever J is raised 
or lowei'ed by a screw, K, whose nut is supported by a cast-iron fi-ame, 
L, ere<*t«d upon the scale-foundation. This nut is worked by the hand- 
wheel M through a system of toothed wheels, or when the back gear- 
ing (shown at N, Fig. 2) is thrown into engagement by turning the 
lever N', the nut may be worked through the pulley O by power 
obtained from the factory shafting. The connections between the lever 
J and the screws G, which carry the cross-head, are so arranged that, by 
depressing the longer free arm of J the cross-hea<l is pulle<l do^vnward, 
and by raising the fulcrum of J the same result is produc-ed. A rod, P, 
is suspended ftx)m the end of the longer arm of the lever J, to which 
plates and pans are attached to receive weights of various values, and 
counter- weights Q may be applied to the shorter arm of the lever to 
balance wholly or partly the preponderance of the longer arm. The 
lower end of Ihe rocl P is provided with a piston, which moves in a large 
cylindrical vessel containing oil and serving to prevent a too rapid fall 
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of the loaded end of the lever. If the foregoing description is understood, 
it is evident that if one end of a specimen, a rod of iron, for instance, he 
attached to the frame D above the cross-head F and the other end be 
attached to the cross-head, the specimen may be stretched by bearing 
down the end of the straining-lever J, for the cross-head will thereby be 
pulled downward. The arms of the levers are so proportioned that one 
pound applied at P will exert a strain of 120 pounds on the specimen ; 
so a strain of 100,000 pounds will be exerted by the application of 8(K) 
pounds at P. The specimen can also be strained by weighting the rod P 
so heavily that it will be held down, and then by working the nut of tbe 
screw K, either by hand or power, the fulcrum J will be raised, and tbe 
cross-head pulled downward with a force increasing as gradually as may 
be desired. As the specimen is suspended from the frame on the plat- 
form of the scale, any stress with which it is pulled will be indicated at 
the weight-beam B and can thus be accurately weighed. The strain- 
indicating apparatus is shown in Figs. 3 and 4. B is the weigh-beam 
of the scale with its sliding-weights C. The beam is graduated to thou- 
sand-pound inten^als, and the small weight A\ill show 20-x>ound incre- 
ments. A long straight rod, a, hangs at the end of the weigh-beam and 
dips into a cylindrical vessel, 6, which is movable up and down and in 
filled with mercury. The weight of the rod a is so adjusted that when 
the rod hangs wholly in air it will exactly balance 10,000 pounds on tbe 
platform of the scale, but when immersed to a certain point in mercury 
it floats and ceases to act as a weight ; between these two i)oints iu 
value as a weight depends on the extent of its immersion in the mercury, 
w^hich is regulated by the height at which the vessel h stands. Tbe 
mercury vessel may be raised by turning a pinion which works in a 
rack fastened along the side of the vessel, and the vessel may be held 
up by a pawl, c, which tends to engage with the teeth of a rachet-wheel, 
dj fastened to the pinion-shaft. When the pawl is disengaged and its 
from the wheel, tlie vessel descends by its own weight, but its speed of 
falling is controlled by a piston sliding in a cylinder, e, filled with oil, 
the top of the piston-rod / being connected with the vessel by a chain 
passing over the sheaves g. A pij>e, /i, connects the upper part of the 
oil-cylinder with tlie lower part, and a screw- valve. A*, in the pipe regu- 
lates the flow of oil, which is produced by the piston rising through tbe 
cylinder. The variation which opening or closing the screw-valve i* 
occasions in the resistance to the flow of oil through the pipe affords tbe 
means of regulating the rapidity of descent of the vessel b, A valve in 
the piston permits the mercury vessel to be raised (|uickly, even when 
the screw-valve Jc is closed. A scale, U on the side of the mercury ves- 
sel indicates the extent to which the rotl a is immersed in the mer«m'y» 
and the scale is so marked that the valve of the rod in balancing a load 
on the jdatform may be read for any i)osition of the vessel to within 20 
X>ounds, which is as "small dift'erence as the testing-machine is intendeil 
to indicate. The range of the scale is 10,000 pounds. The values of 
the scale readings can be checked at any time by the weights C on tbe 
beam, and have been found to be invariably correct. When greater 
loads than 10,000 pounds are to be observed, the siuplus is balance<l at 
the beam by the weights C. When used to weigh gradually -increasing 
strains, the operation of this apparatus is made automatic in the follow- 
ing manner : 

On the end of the weigh-beam B is listened a small cup, m, contain- 
ing mercury, into which platinum wire, », constantly dips. The point ot 
a second platinum wire, />, stands a little above the siui^ice of the mer- 
cury when the beam B is down, but when the beam rises this wire aliH> 
dips into the mercury . The platinum wires form the terminals of two 
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insulated wires leading from the two poles of a galvanic battery whose 
circuit is closed when the rising of the beam immerses the two platinum 
points in the mercury, but is open when the beam is down. An electro- 
magnet, r, is insertecl in the course of one of the wires, and the armature 
of this magnet is so connected with the pawl which sustains the mer- 
cury vessel that when the battery circuit is closed and the magnet is 
thus vitalized, the pawl e is drawn away from the wheel tf, but when the 
circuit is broken the pawl falls back again and locks the wheel. 

When sufficient stress to overcome the weight is applied to a speci- 
men the weigh-beam rises and closes the electric circuit by which the 
pawl is made to unlock the wheel d ; the mercury vessel then descends 
until enough of the rod a is uncovered by the mercury to enable the rod 
to balance the stress and draw the beam downward. The electric circuit 
is thus broken, and the pawl locks the wheel, preventing a fiirther de- 
scent of the mercury vessel and leaving the beam poised until it is raised 
by a fiirther increase of stress. 

This automatic action may be continued until the specimen breaks,, 
when the beam of course drops and the uiercury vessel h is locked in 
place by the pawl. The sum of the readings of the weight C on the 
beam, and the scale I on the mercury vessel, gives the maximum stress 
on the specimen. 

Figures 5, 6, and 7 show one of the pair of clasps for fastening the 
specimens in the machine. Figure 13 represents the finished specimen, 
and figure 12 shows the specimen with nuts screwed on its ends to form 
heads by which the specimen may be grasped by the clasp. The clasp 
is made in halves hinged together, and is shown open in figures 5 and 6 
and closed in figures 7 and 8. One clasp embraces the upper head of 
the specimen and the lower end of the screw E of the testing-macldne, 
thus attaching the specimen to the screw. The other clasp embraces 
the lower head of the specimen and the upper end of a bolt fastened in 
the top of the pulling cross-head F, atta^jhing the specimen to the cross- 
head and thus forming the connection between the cross-head and the 
platform. The halves of the clasps, when they are put in place in the 
machine, are locked together by pins passing through the axes of the 
hinges, as shown. A si)ecimen is represented in i)lace in the machine 
at «, figure 2. Tv\'o different gauges were used to measure the extensions 
of the specimens; one of these, shown in figures 11 and 12, was used 
for stresses within the elastic limit, and the other, illustrated in figure 9^ 
was applied after the elastic limit was passed. 

The first (A) consists of two plates of glass held face to face in sepa- 
rate steel frames, which are locked together and slide freely along each 
other ; one of the frames is terminated by a ball, and the other by a stem, 
at the end of which is a similar ball. By grasping the balls and pulling 
them apart the glass plates slide along each other. On the longer glass 
plate a scale is ruled with fine lines, 1 inch being there di\dded into 100 
])arts. On the shorter plate a space y^o of an inch long is divided into 
ten parts, the lines being xoV^r of an inch apart. The ball-shaped ends 
of this sliding gauge arfe clamped in the jaws of two holders, shown in 
figures 10 and 12, one of which is clampecl around each end of the cylin- 
drical part of the specimen. When the gauge is thus fastened in place 
and the specimen is stretched, the scales pass over each other lengthwise, 
and by observing the scales through a powerful microscope the extensions 
may be read to within a ten-thousandth of an inch, for it is easy to sub- 
divide to tenths by the eye the spaces between the lines of the small 
scale. 
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A inicro8coi)e, not shown in the drawings, is so fastened on the ma- 
chine that the gange-readings can easily be observed. 

The guage B is a sliding ^^ernier gange, reading to thousandths of an 
inch. Its two ends are fastened to the two specimen clasps, which, an 
they become separated by the stretching of the specimen, draw the ver- 
nier of the gauge over the scale, and the extensions muy be obtained 
from the changes in the gauge-readings. 

Method of testing. 

The specimens were tested in lots of 4 as they were received. Each 
one was first tested up to and somewhat beyond the elastic limit, the 
stress being applied by working the straining-screw nut by hand. The 
gange A was applied to the specimen, and the extensions corresponding 
to different stresses were read from this by using the microscope. A 
reading was taken at 1,000 pounds, after which the stress was increased 
to 2,000 pounds, and a second reading recorded. The stress was then 
reduced to 1,000 pounds and the corresponding reading again taken. 
The extension at 3,000 ponnds was then observed, and afterward at 
1,000 pounds, and so on with increased stresses and repeated reductions 
of the stress to 1,000 j)ounds until the probable elastic limit was ap- 
proached, when the increments of stress between the observations of 
extension were reduced to 500 ponnds. As soon as a permanent set 
occurred, which indicated that the elaistic limit had been exceeded, this 
was shown by a diffei'ence between the last i-eading at 1,000 pounds 
stress and former readings for that stress. The greatest stress observed 
before this set occurred has been taken for the elastic limit of the speci- 
men. After the elastic limit had been exceeded by several thousands 
of pounds and the corresponding extensions observed for all the speci- 
mens, the first specimen was again placed in the machine and the gauge 
applied to the holders. A gradually increasing pull, starting from the 
greatest stress before observed, was then pi-oduced by working the strain- 
ing-screw nut at a nnifonn speed by the pulley o, driven by the factory 
shafting, while the progress of the increasing stress was observed by 
watching the descent of the mercury vessel ft, and at the instant the 
scale on the vessel indicated each increase of 1,000 pounds stress the 
reading of the gauge which indicated the con'esponding extension was 
taken until the fracture of the specimen occurred. The extensions of 
the specimen by strain corresi/onding to the different pulling stresses 
were then plotted graphically, and the curves thus formed are shown in 
figures 14, 15, and 16. Figure 17 is a photograph showing the original 
ishape and surface of the specimen compared with it« appearance after 
having been broken. The broken specimen here represented is No. 914, 
mark^ H3, from gun A. . 

The data and results of the tests are given in the accompanying hible. 
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